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A bsir a ct
This paperde s cri be s e xisting global la nd c o v e rdata, tre nd ofglobal la nd c o v e r
m apping, a nd go ng globalla nd c o v erm apping Pr ojects in cluding Global Mappi ng
pr oject. Fu rtherm ore, a study to e xtr a ct/a n alyzeland c o v e r cha nged/u n cha nged a re a s
u slng global A V H R R N D V Idata 舟o m19 82to2000 isde s c ribed･
1. Inせr odtICtio n
La nd co veristhe obs ervedphysic alc o v e r o nthe Earth
'
s s u rfa c e(F Åo2 000)･ On
the othe rha nd
,
1ahdu s e l S Char a cte rized bythe arr a nge m e nts, a ctivitie s a ndinputs
pe ople u ndertakein a c ertainla nd c o†ertypetO Pr odu c e, cha nge or m aintainit(F A O
2000). An otherdeflnitio n ofla nd us elSthatitis a series ofoper ation s o nla nd, c ar ried
o utbyhu m a n s, withtheinte ntio nto obtainpr odu cts and/o rbe n efitsthr oughthe us e of
la ndr e s o urce s(de Bie200 0)I La ndc o v eris apart ofinfo r m atio n abo utr e alla nds u rfa c e
丘o mthe v ie wpoint ofm ainlyv egetatio n.
Whyisla nd c o v erinfo rm atio n n e c e s s ary?Be c a u s ela nd cov erpr ovides s o m e ofthe
basic data n e ed d forthe pyrpo se of;globalcha nge r e s e ar ch(e･g･ c arbo n circulatio n,
w ate r circ ulatio n
,
e n ergycir c ulatio n, e?osyste m), global e n vir o n m e ntal policy(e･g･
policie sfor des ertific atio n, fo od s e c u rity, PO V erty), n atio n al policy(e.g･ la nd u s e
pla nming/m a n age m e nt), a nd e n vir o n m e ntaledu c atio n･
La nd c o v e rinfbm atio n c a nbe derived m o re e asilythan land u s einfbm atio nby
r e m ote se n sl ng te chniqu e sbe c a u s ethe e xiste n c e of v egetatio n a nd pbe n ological
info r m atio n c a nbe10btain edbythete chniqu e s. T he obtain ed la nd c o v erinfo rm atio n ata
c e rtain tim e(ye ar)is po rtr ayedin the for m ofa 甲aP･ Anothe rfo r m of land
Lc o v e r
infor matio nislandcover cha ngedetectio nfor a c e rtainPe riod(ye ars)･
Co n c e rn 1 ng ge Ogr aPhic al s c ale, la nd c o v erinfo rm atio nis n e c e ss ary forlo c al,
n atio n al
,
r eglO n al, c o ntin e ntala ndglobalar e a s. T his paperisfocu s ed o nglobal la nd
c o v e r.
2. Existing globalla nd c o v e rdata
T be fbllo w lng fわurglobal la nd c o v erdata s ets de riv ed 丘o m s atellite data ar e
a v ailable.
(1)IG B P- D IS Co v er
Theflr St1-km globalland c o v e rdata w eredevelopedbytheU .S. Ge ologic alSu rvey
(U S G S)andothe r orga niz atio n s. W o rking u nderthe a u spic.e s oftheIGB P, Lovela nd et
al. (1999, 2000) de v eloped a nd 叩plied a global l皿d c o v e r char a cte riz atio n
m ethodologyu slng1992-19931-km A V H R R N D V I data. The m ethodologyisba s ed o n
u n s upe rvis ed cla s sific atioh with e xte n siv e po st- clas sific ation r efin e m e nt. T he IGB P
DIS Co v er clas sifl C atio npro vide s age n e r alpictu r e Ofgloballa nd c ove rba s ed on a 17-
cla s slandco v erlege nd. The a c c u r a cy oftheIGB P D is co v e rla nd c o v erdata s et w as
e stablished thr o ugh a n indepe nde nt IG B Pa c c u r acy a s essm e nt. Sc epa n(1999)
deter minedthat the D IS Co v er o v e r alla c cu r a cy w a s59-71pe rc e ntdepe nding o nthe
spe cific
'
v alidatio npr o c edu r e s u s ed･
(2)Univ ersity of Maryla nd
A gr o up ofJohn To w n she nd ofDepa rtm e nt of Ge ogr aphy, Univ er sity of Maryla nd
u s edthe s a m e s atellitedata a sIG B P- D ISCo v e rto m ake aglobal la nd cov e rm ap with
the di ffer e ntla nd c o v er lege nd fr o mIG B P- DⅠSCo v e rla nd c o v erdata･ T his gr o up
fo c u s e s n o wnot on c ategoric al clas sific atio nbut on the e stim ate ofar e ape r c e ntage
repre s e ntation ofbasiclandco v ertype sin api x el.
(3)Bosto nUniv e rsity
A gr o up ofMarkF riedlofBo sto nUniv er sityu s e sM O DISdatafo rtheglobal トkm
land c o v e r cla s siflC atio n withthe s a m elege nd of17cla ss e s a stheIGB P- DIS Co v er.
T hisgr o uptrie sto m ake aglobalm 叩 pe riodic alytodete ctla ndc o v e r cha nge s･
(4)G L C 2000
The Joint Re s e a rch Ce ntr e(JR C) of Eu r ope a nCo m mis sio n c o o rdin ated the
G L O B AL LA NDC OV E R 2 000 Pr oject(GL C 2000)in c ollabo r atio n with a n etw o rk of
partn er sar o u ndthe w orld･ T hege n eralobjective of GLC200istopr o videfortheye ar
2000aha m o niz edla ndc o v erdataba s e o v e rthe wholeglobe･ Theye arTw oT hous a nd
is c o n side red as a r efe re n c ey arfo r e n vir o n m e ntala ss e ss m e ntin r elatio nto vario us
a ctivities,inpaれic ularthe United Natio n
'
sEc o syste m-related lnte m atio n alCo n v e ntio n s.
To a chie v ethis objectiv eG L C 2000m ake s u s e of a data s et of14m o nths ofpr e-
pr o c es s ed daily global data a cquired bythe V E G E T A TION in stm m e nt on board 也e
SP O T 4s atellite. The lege nd of GLC 2000 is defl n ed by F A O
'
s La nd Co v e r
Cla ssific atio nSyste m(L C C S).
3･ Tr e nd ofglobal且a nd c o v e r m ap pi ng
●
T he pr es e nt global la nd c o v er m apping Pr oje cts ha v ethe follo*ing fe atu r es a nd
tr e nds.
(1)impro v e m e ntofr e s olutio n
l km r e s olutio n ofA V H R R data w asimpr ovedto 5 00m of M O D IS, 300m or
M E RIS
,
a nd 250m ofGLIand M O D IS.
(2)optic als ens o r＋SA R＋1idar
ln addito nto optic als e n s o r血ta, global B A R data orlidardata m ay be u s ed fわr
globallandc o v er m appl ng･ S A R dataha v e apote ntialto de riv einfbr m a土io n of wetla nd
a nd for e st
,
a nd lidardatahave apote ntialtode riv e v egetatio nheight･
(3)ba m o niz atio n ofla nd c o v e rlegend
Difer e ntla ndc o v e rlege nds ar e u sed in differe ntpr ojects a ndin diffe r e ntT egl O n S.
In orderto c o v e rtonelegendto a n othe r, o rto c o mpar ediffer e ntlege nds, w e n e edato ol
to defl nela nd c o v e r clas s e sby a c o m m o n･syste m･ Theide alto ol fo rthis pu rpo s eis
La nd Co v e rCla s sific ation Syste m(L C C S)de veloped byF A O.
(4)dev elopm e nt ofgloballa ndc o v e rg o u ndtruth data
Qu alityofla nd c o v e r m apis m ainlydepe nde nt oftr ainings a mpledata(gr o u ndtruth
data)usedforthe cla s sific atio n･ Ho w e v erg o u ndtruth data a r e not e x cha nged a nd
a c c u m ulated･ Dev elopm e nt ofgloballa ndc overgr o undtn血 databythe c operatio n or
diffe re ntpr oje cts a nd fo rthe c o m m o n u s ewilimpr o v ethequ alityofala nd c o v e r m ap.
(5)globalm appingofindividu alla ndc o v er clas s e s
･ So m ekeyla nd.c o v er cla s se simpo rta ntfo r e n viro n m e ntalstudie s s u ch a s w etla nd,
paddy, m angrov e, a nd lake ar epla n n edtobe m叩ped individu allyindi飴r e ntprqjects.
(6)c ategoric al data ＋perce ntar eacov erofbasicla nd c o v ertype s
In addito ntothe c atego ricalcla s sifiedla ndcov er m ap, pe r c e nt are ac over of ba sic
la nd&v ertype sin apix el is c o n sider edtogiv e a ctualinfo rm atio n ofla nds urfa c e. Tr e e,
gr a ss, cr opla nd, u rba n, a nd ba regr o und ar e e x a mples ofbasicla ndc o v e rtype s.
4･ O n- golng globa且且a nd c o v e r m ap pi ng Proje cts
● ●
Thefollo w ingfo u rgloballa ndc o v e r m appl ng Pr oje cts ar ego ing O n.
(1)u S. Ge ologic al Su r v eyinitiativ e
A new globallandc ove r m applng prq】e Ctu Sl一喝 M O D IS 500孤 dataha s e n c o u nter ed
budgetpr oble m.
(2)E C/JR C intiativ e
･A n e w global land- c o ver m applng Pr oje ct C alled
" G L O B E COV E R” u slng
E NVISA T/M E RIS 3 00m datahas started･ T he m ap pi ng Will be c o mpleted within afe w
ye arS･
(3)J叩a nAero spa c eExplor atio nAge n cy(JA X A)initiativ e
Theinitially pla n nedgloballa nd c o v e r m appl ngprqje ct u slng G LI 25 0m data w a s
r epla c ed by Asiala nd c o v e r m applng prqject u slng G LI 25 0m data 丘･o m Aprilto
Octobe r2003 be c a u s e ofthefailu r e of A D E O S IIs atellite in October2 003.
(4)G lobal Mapping pr oject
A n e wgloballand co v er m ap withthe r es olutio n of 1 km will be produ c ed bythe
c o operatio n with n atio n al m applng O rga niz atio n s a nd otherla nd c o v er m applngPr ojects
by2007asGlobal Mapv e rsio n2.
5･ GlobalM ap pi ng Pr oject
●
The Global Mapping Pr oject o rga nizedby the Inte m atio n al Ste ering Co m mitte efo r
Gl?bat Mapping(ISC GM)has apla nto pr odu c egloballa nd c o v e rdata a nd global
per c e nt tr e e c o v e rdata asfTollo w s.
(1)globalla nd c o v erdぬ
- A la nd c o v erlege nd willbe defin ed by La ndCo v erClas sific atio nSyste m(L C C S)of
F Åo.
- La nd c o v e rgr o u nd tr uth data will be c olle cted by the co ope r atio n with Natio n al
Map plngOrga niz atio n s.
- De cisio ntr e e m ethod willbe u s ed for cla ssiflC atio n.
(2)globalper c e nt tre e c o v erdata
- Theper c e nt tre e c o v e ris defl n edby a r e aperc entage oftr e e c a n opyc o ve rper a u nit
gr o u nd aria.
(3)forbothdata
- TheISCGM is s e ekinginte m atio n alc o oper atio n withsimilarpr ojects.
- M O DIS 500m data willbe u s edfo rdatapr odu ction･ Thefin alpr odu ct will ha v e1km
r e s ol山io nbas ed o nthepolicyoftheIS CGM .
- Validatio n ofthe clas sifl ed r e s ult will be do n ebythe c o oper atio n with Natio n al
M 叩plngOrga niz atio n s.
- Thepr o血 ct willbe c o mpleted by20 7･
6･ G loballa nd c o v e r cha nge m o nito ring
A V H R Rdatais 血e o nlys atellitedata which c o v ersgloballa nd a r e adailyfわr m o r e
tha nfiv eye a rs with a r e s olutio n oflkm ･ Thoughglobal lkm r e s olutio nA V H R R data
a re a v ailable o nlyfわr 1992-3 a nd 1995-6, global 8km res a mpled A V H R R data ar e
a v ailable sin c e198l･ Using tim e-s erie sglobal 8km A VH R Rn o rm aliz ed differ e n c e
v egetatio ninde x(N D V I)data, e xtr actiわn or la nd c o v er cha nged a r e as w as triedin
globalarea.
6.且B)aせ盈 ⅦSe姐
10-dayc ompo siteNormaliz ed Differ e n c eVegetatio nInde x即D V I)of N O A A N A S A
PathfinderL and DataSet(P A L data)&o m1982to2000w ere u sed inthis study. In o rderto
re m o v e cloud effe cts, Te mpo r al W indo wOper atio n(TW O)m ethod(Park and Tateishi
199)w a s appliedtoN D V I data･ TheT W Om ethod is a n algo ri也m to
.
m ake a s e as o n ally
s m o oth change patte rnfo rte mpor al v ariable s atle a stlo nge rtha n o n eye ar･ The T WO-
pr o c e ss ed data w er e r es a mpledto4
'(appr o xim ately8km atthe equ ato r)･gri dTa sterdatain
thege ogr aphic(latitude/lo ngitude)co o rdin ate system .
6.2 Me地 odo且ogy
(1)The a v er age s of lQJa少N D V I &o m1982to1984w er e c al ulated, a nd similarly舟om
1998to2000to o.
(2)Thediffer enc e舟om the a v er agedN D V Iof1982-84tothe a v er agedN D V Iof1998-
2000w er e c alc ulatedforthe c o rr espo nding10-daytim epe riod･
(3)T he s u m ofthe abo v ediffe r e n c e w a s
.
c lc ulated fo rthirty-six10-day(or oneyear)･
(4)Thepo sitiv e v alu e ofthe abo v e s u mis c o nside reda s ar?as ofin cr e a singv egetatio n
a ctivity, a ndn egativ evalueis c o n sider eda s a re a s ofdec rea slng V egetatio n a ctivity･
(5)In ordertoin v e stigate 也etre nd oftim e s e rie sN DⅥ v alu e s,tim e-sedesND VIc u Ⅳ es of
u n cha nged ar e as of differ e ntla nd c o v ertypes s u ch a sdes e rt, s n o w, a nd fore st w er e
a n alyz ed.
6.3 Res 皿It
Byu singlargepo sitiv e a ndn egativ ethr e sholdv alu es,potentialofla nd c o v e r cha nged
are as w er e e Eltr a Cted･ Figu re1a nd Table1sho w s e x a mple s ofe xtr a ctedsites a spote ntial
la ndc o v er cha nged ar e asbe c a u s e oflargeNDV Ichmgebetw e e n198 2-4 a nd 1998-2000.
Ho w ever,thefolo w ing n ois e s a nd disto rtio n s c a u s eⅥ o ngre s ults asla nd c o v er cha nged
a re as.
- higbo rlo wN D VIn ois e s r em ain lnga鮎 rpr epr o c e ssl ng
､
- misr egistr atio n alo ngs e asho relin e s
- differ e n c e ofN D V Ile v elsindife r e ntN O A As atellite s
7. Co n clu sio n s
- Fo u rgloballa ndc o v erdata ar e a v ailable.
- Seve r algloballa nd c o v er m applng Pr ojects ar egoi ng O n.
- Tr ends ofglobal land c o v er m applng W er eide ntified. Espe cially, c ole ctio nofla nd c o v e r
gro u ndtruth isimpo rtant. T he u s e of L C C S is r e c o m m e nded forha m o niz atio n of differ e nt
lege nds.
- GlobalMappingPr ojectha s aplantopr odu c e n e wgloballa ndc o v erdata a ndpe rc e nt tr e e
c o v erdataby2007.
- Tim e s erie sN DV I data ar e effctiv efo rgloballandc o v e r cha ngedete ctio n. Noises a nd
tr e nd ofN D V Im u stbe elimin ated.
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A bstr a ct
Pre cipltatio n a nd v egetatio nindic e sba s ed o n s atellite m e a s u r e m e nts c a nbe of
m ajo rimpo rta n c ein e n vir o n mental m o nito rlng o v er Wide regi ons. Yet,the sereco rds are
o nly abouttw ode c ade sin le ngth a nd m u st be evaltlated by c o mparis o n sto othe r
gr o u nd-ba s ed data. tler ein w e c o mpar ebothtype s of datato a n n u al databa s ed o nthe
ring Width v ariatio n s oftre esgr o w lng O n S e miaridsite sin M o ngolia. Pr e vio u s studie s
sho w ed a str o ng pr ecipitation signalinthetr e e- ri ngdata. The c o mparisonsindic atethat
ther e ar e slgnifica ntc o relatio n sbetw e e nthetr e e-r lngdata a ndthe satelliteinform atio n.
The c orr elatio n s ar edu eto m oistu r ebeingthelimitingfa cto rtogr o wth forthetr e es
a nd other v egtatio ninthe r egi o n Studied･ T hes e r e s ults s uppo rt the a c c ur a cy ofthe
s atellite-ba s edpar a m eter sfo rthe s e miarid,lo w-r eliefr egl O n Studieda nds uppo rtsimilar
r es ults else whe re.
1. Ⅰntr odu ctio n
W ate ris akeylim ltlngfa ctortoliv e sto ckr alSlng a nd agrlCultu r alpr odu ctivityln
M o ngolia. Thes e a ctivitie s ar e a m ajorPart Ofthe ec o n o my ofthe n ation. Thepri m ary
s o u r c e ofw ate rispre cipitatio n, m o storwhicb o c c u rsdu ringthe w a n-s e a s o n m o ntbs･
Ther e ar e r ain g ge s at n u m e r o u s site sin Mo ngoliabutfe w r e c ordsgoba ck farthe r
tha n abo ut 195 0a nd v a st ar e a sha v e n ogage s at all. This spars e c o v er age c o uldbe
slgniflC a ntly a ugm e ntedifnew data s ets that c o mbin egage obs e rv atio n s withestim ate s
de riv ed &o m s atellite data(X ie and Arkin 1995 & 1997)ar epr o v e nto be a c c u r ate
m e as u r es ofar ealpr e cipitatio n. The s atellite r e c o rdis short a ndn e edstobete stedby
indepe nde ntgr o u ndinfo r m atio n. Bothtype s ofpr e cipitatio ndata c a nbe e x a min ed by
c o mparis o ntotim e s erie sba s edo n an n u alring widths oftr e es atsites wher e m oistureis
thelimitingfTacto rtogrowth.
Vegetatio ngr o wth info r m atio nfo r r a ngela ndpr odu ctio n e stim ates a nd fo r c arbo n
budget studie s c a n als obe e stim ated by s atellite m e a s u r e m e nts de v eloped into the
n o r m aliz ed differ e n c e v egetatio nindic e s(N D VI)(Ku m ar a nd Mo nteith1982, Go w ard
et al･ 1994, Seler s et al. 19 96, Zho u et al. 2003).(Se edetaileddefinitio nbelo w.)The
ND V Ialso n e edsto be tested by gr o u ndtmtb infbm ation. In s e miaridr eglOnSlike
m u ch of Mo ngolia, the s lnglepar a m ete r ofpr e cipitatio n c a nbe ado min a ntfa cto rfor
m ost v egetatio ngr o wth in cludingthe a n n u alring widths oftre es. Thu sfo rthe r egi o n
s仙died, bo也 s atellite-deriv ed pr e cipitatio n a nd N D V Iestim ate s m ay be r elated to
a n n u alring- width data&o mtr e es a nd her ein w ete stthe c o rr elatio n s.
An n u alrings oftr e eshavebe e n u s edto r e c o n stru ct a ndstudyhydrom ete o r olglC al
par a m ete rsfor s o m etim e(e. g. Schulm a n1945, Fritts 1974). Su ch rec o n stru ctio n s
cr e ate lo nge r r e c o rds of clim ate v ariatio n s which bette r r epre s e nt the fu llrange of
v ariatio n s
,
e xtrem e s a ndtr e ndstba n也elimitedinfbm atio nin m o str e c o rded data. Tr e e
rlngSha v e e xte ndedthe r e c o rds ofte mperatu re, pre c iptatio n, str e amno w, a nddr o ught
inpa rts ofMo ngoliabyc e ntu rie sto mille n nia(Ja c obyetal.1996, D
'Arrigo etal. 2 000a,
Peder s o n et al. 200l
,
Ja c obyetal. 2003).
In s emi- aridr egl O n S Of Mo ngolia, c o nte nts ofpr e ciptatio ngage s a ndthe widths of
lO
a n n u altre e ri ngs C a n record co m m o n r e spo n s eto pre cipitatio n. Ar e alc o v er age ofgage
dataislimited bythe n u mber ofgage sthat ar e s et o ut a nd m o nito r ed. Repr e s e ntativ e
ar e alco ver ageis s o m etim e s apr oble mindryr eglO n Slike c e ntr al Mo ngolia wher e m u ch
s um m er r ainfall isfr o mlo c alized c o n v e ctiv e sto r m s･ We s a mpledtr e e s at tw o site s of
e xtre m e a riditylnthe studyr egio n Wher etr e e rl ngS r e spo nd v e ry 町u Ch to cha nge sin
m oisture a v ailability; gr owing WiderrlngS in w et ye ars a nd m o r e n a 汀O W, O r e v e n
mis sing rings, in v ery dry ye?rs(Pede r s o n et all 2001)･ We ha v e c o mpa r edthe dated
a n n u al ring- widthdatato v a rlatio n sin s atellite-deriv edpreclpitatio ndata, N D VI data,
gr o u nd-rec ordedpr eclpltatio n, a nds oilm oistur ein m u山alte stinga n alys e s･
2･ 斑ydr o m et o r o且 gic al)s ate批 e a mdせr e e- rmgdatapr e c畳pita伽 n gagedaね
●
W e u s e apr e cipitatio n s eriesthatin clude sthe eightgage statio n sthat c o v e rthe
east-c e ntr al Mo ngolia n r egio n r epre s e nted bythetre e- ring s a mpling site s(Figu r e1).
Ⅰndividu al mis sl ng V alu e s w er estim ated u sl ngthe clo s e st statio n withdata. Re c o rds
ar e spar s ein M o ngolia a ndthe s e a rethe o nlystatio n sfわrthis ar e a withr e c o rdsgol ng
ba cktothe e a rly 1940s･ T he eightstatio n s
' data w e r e a v e r ag dtoprodu ce aregi on al
s erie sthathasles s n ois etha n single statio ndata(Bla sing et al. 1981). M e a n a n n u al
pr e cipitatio nfわrthis eight- statio n aver ageis273.7 m mperye a r withthe w a m s e a s o n
(May- Octobe r)pr odu cing 92･4% ofthe m e a n a n n u altotl fo rthetim epe riodI940-
1995.
Fo rthe period ofthe s atellite-deriv edpr e cipitatio ndata, 1979-1995, the m e a n a nd
perce ntage s u m er ar esimilar, m e a n of 279･9 m m a nd May- Octoberper c e ntage of
s u m m er92･9%･ Simila r statio n data w er e used in apre vio u stree十rlng Study that
r e c o n stru ctedpr e cipitatio n a nd stre a mno wfo r c e ntrala nd e a ste rnM o ngolia(Pede rs o n
etal. 2001).
Sn o w-in⊥ winter pr ecIPltation ge n e r ally plays a s m allqu a ntitativ e r ole in the
hydr ologlC r egi m e at the relativ elylo w e r ele v atio n softhis study r egio n. T he me an
winte rpr e ciptatio ndu ringthe19 40195pe riod, No v e mber- April, w a s20.8 m m.;1979-
1995,19･5 m m･ In tim e s
_
ofthe "z ud”(s e v e re winte rs)a ndathigher el v atio n s, s n o wis
alargerfa cto r. There c a nbe s n o wflu rrie s a ny m o nth oftheye arinthehigh m o u ntain s.
The m e a s u r e m e nt ofs now by pre cipitation gage sis v ery In a cu rate. The effects of
s n o w o n s oilm oistu rein this r egl O nis u nkn o w nbe c a u s ethe s oilm ois山re w a s n ot
m e as ur ed duringthe c olds e a s o n at the site sinthe s山dy ar e a. Boththe s atellitederiv ed
pr ecipitatio n a nd N D VI data ar e ofle s s erqu alitydu ringthe c older s e as o n s(Se ebelo w)I
Sin c ethe c o汀elatio n sbetw ee nthetr ee-rlngdata andr ain gagepre cipitatio narebigber
du ringthe w ar m e r s e ason(this study a nd Peder s o n et al. 2000)and fo rtuito u slythisis
the s e as o n ofbe仕erqu ality s atellite-de riv ed data;this s e a s o nis the fわc u s of 也e s e
a n alys es.
3･ Satenite- De rived Pr e cipitation Data
Rain gages pr o vide a c c ur ate m e as ur e m e nts ofrainfallat spe cific points. Ho w e v e r
they ar e ofte nto ofe win n u mbe rfo r as s e ssl ng V ariatio n sin pr e cIPitatio n o v erlarge
ar eas ofthe globe. T he n e ed fわr c o mpr ehe n siv e a ndco mplete a n alys e s ofpr e cipltation
fo r clim ate m o nitorlng a nddiagnosis, andthe v erific atio nofclim ate m odels, ha sledto
the de velopm ent of data s ets that m ake u s e of a v ariety of e stim ates deriv ed 任o m
s atellite obs e rv atio n sto s upple m e ntgage m e a s u r e m e nts(Huffm a n et al. , 1997;X ie a nd
Arkin
,
1996
,
19 97).
In thispaper w e us eth observ ation- only a n alysis ofXie a nd Arkin(1997), which
ha s a spatial re sol山ion of2.5
o latitude/lo ngitude a nd m o nthly te mporal r es olution
(Figure1). This a n alysis u s e s a n u mber ofs atellite-ba sed e stim ate s,in cludingtw obas ed
l l
o nin&a r ed clo ud-topte mper atu r e鮎 m pola r o rbiting a ndge o statio n ary s atellite s,tw o
deriv ed fをo m pa ssiv e mic r o w a v e obs e rv atio n s B･o m the Spe cialLSe n s or
M icr o w a v e/Im ager(SS M/I)onthe U.S. A ir Fo r c eD M SPs atellites, a nd o n eba s ed o n
obs e rv atio n s&o mthe M icr o w a v eSo u ndingUnit o ntheN O A Apolar orbitings atellites.
T he s e estim ate s, wher e a v ailable, are c o mbin ed into asingleglobal fieldu sing W eights
e stim atedby c o mparis o nwiththe a v ailable gage obs e rv atio n s ove rla nd a nd fr o m a
pr1 0 ri v alidatio n stndies a nd e xtr apolatio n o v erthe o c e a n s. Ea ch orthe s atellite
estim ateshas signirl C a ntbias(Xie a nd Arkin, 1995).
Ther efo r e
,
a fl nala n alys IS u s ed v alu e s&o m gage obs e rv atio n s at appr o xim ately
6000statio n s w orldwide a sfix edpo intsbutr etainedthe spatialgr adients ofthe s atellite-
bas ed field･ Thefl nalpr oductis r efe rr edto a sthe C P C Me rged An alysis ofPr e cipitation
(CM A P)･ C M A P hasbe e n u s ed in a v arietyof diagn o stic a nd m odelv alidatio n studies
(Stephe n s o n et all , 1998;Ya ng et all , 1999), a nd e v aluatedin c o mparis o nto similar
pr odu cts(Gmber etall, 2000)withpo sitiv e re s ults.
Ho w e v er
,
sho rtc omlngS ar ekn0 wn tO e xist. The v ario u s s atellite e stim ate sha v e
syste matic err o rsthat v a ry with s e as o n a nd latitude･ Ar e a s with fe w or n ogages ar e
po o rly defin ed wher e/whe nthe s atelite estim ate sha v elarge err o rs･ In the studyr egi o n
her e
,
mid-latitude ce ntral Asia
,
o nlythein鉦ar ed estim ate s a nd one ofthe micr o w ave
estim ate s ar e u s able
,
a nd m ayha v elarge err o rsin winter. The w a rm s e a s o nv alu e s a re
e xpe ctedtobe s叩 erior a nd ar e us ed be r e･ Fortu n atelyfわrthe c o mparis o n s, m o st ofthe
pr e cIPltation inMo ngolia o c c u r sdu ringthe w ar m s e a s o n.
4･ No r m alized D iffe r e n c eVegetatio n‡ndex 印D V I)
N D V I data ar ethe v egetation inde x o r
”
gre e n ne s s
n
bas ed o ndiffe r e n c e sbetw e e n
visible and n e ar-in&ar edr adia n c e(e･g･ Ku m a r a nd Mo ntieth 1982, Selle r s et al. 1996,
Zhou et al･ 20 3)･ The data u s ed her e ar efro m the c o ntin ental data s et
J
at 8 km
r e s olutio n
,
a v ailable fro m July 1981to De c e mbe r1999, pr odu c ed by the Global
In v ento ry Mo nito ring a ndModelingSyste m s(G I M S)gro up fro m theAdv a nc ed Ve ry
High Re s ol山io nRadio m eter s(A V H R R)o nbo ard a鮎 m o o n- vie wing s atellite s(N O A A
7
,
9
,
1 la nd 14). ND V Ie xpr es s ed on a s c ale fro m -1to ＋ 1. Vario u s c o rre ctio n stothe
data s et ar edes c ribed in Z ho u et all (2001). Data c o rre spo ndtothe m a xim u mN D V I
valu eduring a15-day co mpo siting period･ In this study' w e u s ed o n egridc ellc e nter ed
n e arthe Zu u nM odtre e site
,
and a n o血er c e ntered n e arthe Urgu nNar str e e site.
W e av eragedthe v alu esto obtain m o nthly m e a n s a nddete rmin ed c orr elatio nsfo r
the in divi du al m o nths of May thr o ugh Septe mbe r･ Signifi c ant C Orr elatio n s w er e
pr e vio u sly sho w nbetw e e nN D V Ia ndtre e-rlng data wher etr e e a nd other v egetatio n
gr o wth w a slimitedbyte mpe r atu r e(D 'Ar rigo et al. 2000b)and whe resuffic e nt tr e e
spe cieg w er e s a mpledto r epr e s ent the m ajo rpla ntc o v erfor a n a r e a(Malmstro m et al.
1997).
5. Soil Moisttl r e
Soilm oistu redatafわr sitesin M o ngoliaha v ebe en c o mpiled byRobo ck etal.(1999).
T he s edata co mpn s e m e as u re m e nts at11 depthsinthetop m ete r oftbe s oil. Ⅷ r e e s eri s
of m e as u re m e nts w er e m ade e a ch m o nth A:o mAprilthr o ugh October･ In M o ngolia
m e a s u r e m e nts w er e co mpiled &o m 42statio n sfo rthe ye ars1970thr o ugh 1993, with
s o m e e x ceptio n s(Robo ck etal. 1999).
W e e x amin ed 也e datafわrthethr e e s oilm oistur estations withinthe c entrala re a or
o u rtr e e-ring site s;Zu u n m od, Undurkha an, a nd Binder(Figu r e1). All had m a ny mis sing
v alu e s･ Tointegr ate shallo w m oistu re c o nte nt ofthe s oilw e su m m edthe v alu e sfo r1 0
,
2 0
, a nd 3 0c m･ depths a nd aver aged ate a ch lo c atio nfo r e a ch m o nthtopr odu c e m o nthly
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a v er age s.
forAprilthr o ugh Octobe r･(M issing v alu e sin c r ea s ewith depth.)
The thr ee depths w e re cho se r1Ju st tO Obtain m or e rep e s e ntativ e data fo r s oil
m oistu r e a nd ar e u n r elat dto e stim ates ofr o otdepth which is u nkno wnfo rthes etr e e s
at the s e site s･ October shad s o m a ny mis singthird v alu e s w e o nly u s edthe first tw o
m e a s ure m e nts fo rOctobe r a sthe m o nthly s u m. It w as n otic edthat the c o rr elatio n sof
valuesin the vertic al dir e ctio nfo rthe uppe rlayer s at Undu rkha a n w er e v ery high,
ra ngi ng&o m ･90to1･0･ W etherefo r e e stim atedele v e n missl ng V alu es wher ether e w er e
e n o ughother valuesin the upper ･5 m eterto e stablishatr e nd･ T he re we re n o simple
pa仕e m sin the te mpo r al dir e ctio n no rin either v ertical o rte mpo r al dir e ctions at
Zuu n m od orBindera nd n o mis sing V alu es w er e e stim ated･ We c o uld n ot a v e r agethe
thr e elo c atio n r e c o rdsbe c a us ethey n e v e r all hada c o mplete s e as o nfdataforthe s a m e
ye ar, e v e nju stMay-Septe mbe r.
6. Tr e e-汲insData
Tr e e-ringdatafh) mtwo site sin n orth c e ntr al Mo ngolia(Figu re1)w er e c o mpar ed
tothe pre cipitatio n a nd N D V I data･ The Zu u nM od(Mo ngolia nfo r”100tr e e s”)tr e e-
ring s a mpling siteis a nis olatedsta nd of oldlar ch(La rix sibiric a)tr e esin a
.
s emi- arid
gra s sla nd at 47
o 47･02' Nortb
,
107o 30.00
'
Ea st
,
a nd 1415m ele v atio n l n C e ntr al
Mo ngolia･ TheUrgu nNars(
∽
wi depines
”)site n e arthe n orthe rn m argin ofthe s e mi-grid
gr a s sla ndsis a sta nd of large old-gr o wth s c ots pine(Pin us sylvestris)at48o 3 4.62
'
North,1lo
o3 2･75' Ea st
,
a ndI
,
070m elev atio n･ The s etr e e sgr o w o nfairlyle v elgr o u nd
with a ge ntle slope to w ards the s o uthin e a st-c e ntr al Mo ngolia. The s etw o site s are
c e ntr alto thepre clptation data sets
'
c o v er age a nd ar ethe o nly 叩pr Opriate moistu r e-
str e ss edtr e e-ri ngSites weha v einthe ar e a.
Sta ndard de ndr o chr o n olgic al pr o c edure s w er efollo w ed in ge n er ating the tim e
s erie s or chr o n ol gyof m e a n ring- width v a riatio n s(Fritts 1976, flblm es1983, a nd
Co ok & Kairiukstis 1990)I Co r e s a mple s(which ar etake n n o nde stru ctiv ely) w er e
obtain ed &o m alm o st allthe old
,
u nde c ayedtr e e s at the Zu u nM od site a ndthefinal
chro n ologyco mpris e s3 0c o r esA:o m13trees.
W etru n c atethe s e rie s at 1600be c a u s ethe s a mple siz eisdo wnto o nly12c or e sby
thatye ar･ AtUrgu nNar sthe rl ng- Width chro n ologyc o mprlS eS-33c oresfrom 16tr e e s
皿d e xte ndsto 1668with 8c or e s eries･ W e sta ndardizeto r e m o v eth agetr e nd inthe
ra wdata s erie s(Co ok 1985)andto cr e ate a m
.
C a n- v alu e s eries ofring- width indic e s･
T he m e a n c o㌣elatio n c o efflCie ntbetwe e n alls e rl e S(R B A R, Briffa1995)ande xpre s s ed
population slgn al(E P S, W igley et al一 1984) ar etw opa r a m eter sfb∫ e valu atingthe
qu ality oftr e e- ring s erie s･ Fo rZu u nM odthe R BA R isO･69,fo rUrgu nNarsR B ARis
O･65
,
a ndE PSis abo veO･965fo r e v e ry3 0-ye ar s egm e nt overthele ngth of boths e rie s.
T he R B A Rs a r ehighrelativ eto m a ny othertre e-rlng S erie s a nd E PSis w ellabo v ethe
O･85lev el wbicb is c o n sider ed a thr e shold fわr a c c eptability by s o m er e s e archer s
(Wigley et all 1984)I Tber efbr ethe s e are tw o e x c elle nt chr o n ol gie s with stable
qu alitie stbr o ugbo ut thele ng也 oftbetim e s erie s u s ed.
7･ An alys es
Co rrelatio n s w e re c alc ulatedbetw e e nthe s atellite-deriv ed m o n也1y pr e cipitatio n
data
, gagepr ecipitatio ndata, a ndthe a n n u altree-rlngdata･ Thedata w er et stedforthe
sam e c o m m ontim epe riod1979to1995(n -17)･ The r e w a sn odetrud ingofa nydatas et.
Ⅷ e c o 汀elatio ns w e r e m ade u slngthe pr e cipitatio ndatafわrthe c u 汀e nt ye ar Or
gr o w血 a ndthepri orye ar･ Corr elation s w e r e c alc ulated u si ng Pr eCipitatioridatafわr e a ch
of也e20gridc ells s u rro u ndingthetre e一 血 gsites ande a chtr e e s eri s(Figu re1)andfわr
av er aged data･ Bas ed o n the str e ngth a nd pattem s of the c or relatio ns betw e e n
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pr e cipitatio n a nd the rlng
- Width indic e s, a r egr e s sion w a s m ade u s lng prl n Clpa
c o mpo n e nta n alysis(P CA)I
Replic ation aTld/o r r eglO n aliz atio n of bothtre e-ri ng a nd clim atic r e c ords se rv esto
redu c ethe n ois epr e s e ntin sl ngle s erie sby c o Ⅱ1binings erie sto pr o血c e也e c o m m o n
v a riatio n sforthe s ele cted s eri
.
es･(Fritts1976, Bla sing et all 1981,Ja c obyet al･ 2 000)･
W e c o mbin ed bothtree-rlngSerie s u si ngPCAtoprodu c etw o elge n V e CtO rS,thefirst
ofwhich contain s64.5% ofthe v aria n c e. W e the n u s edthis first eige n vector&o mthe
tw otr e e ring?Criesto e stim ate w a r m
-s e a s o npr
.
e cipitatio n(May- October)fo rthe
a v e r age ofthe si xgri dc ells m o stclo s elye n c o mpa s singthetre e site s(Figu r e1)･
Co rrelation s we re c alc ulated betw e e nindividu al m o nthly N D V I data s e rie s a nd
indivi du altr e e-rl ng S erie s; a nd betw e e nthe m e a n m o nthly N D V Is erie sandtr e e
-ri ng
first eige n v e ctor. T he ND V I data spa nis 1982-1995(n -14)･ In additio n, c or relatio n s
w er e c al ulatedbetw e e nND VIandthe s atellite-deriv edpr e cipitatio n; a nd N D V Ia nd
s oilm oistu r edata.
Soilm oisture c o rr elatio n s w e r e o nly c alc ulatedforindividu als oilm oistur er e c ords
a ndthe clo s est tr e e-rl ngS eriesdu etothe m a ny mis sing V alu e s asde s cribedabo v e･ T he
n u mber ofpalrS r a nged &o m20to a sfe w a s2･ Thu sthe slgnific anc eisqu e stio n ablein
m a ny c a s es･ How e v er 也ete mporalpa仕e m ofc orr elationis ofinter e st to c o mpar eto the
other r elatio n ships･ Soil m oistu r e w a s c o mpar ed with tr e e s, s atellite deriv ed
pr e cipitatio n, a nd ND V II
8. Re sults
Corr elations w er e sign fic a nt betw e e nthe s atellite-deriv ed m o nthly pre cipitatio n
data a ndtr e e-ringiヮdic e sfo rJuly, Augu st, Septe mber,(0･95le v el)and October(0･90
le v el)ofthe ye arprio rtothe gr o wth ye ar a nd w eak r e･sponse du ringthe gr o wthye ar
(Figu r e2a).
Results ar e similar with thegagepr e cipitatio ndatafo rthe s a m etim epe riod, e x c ept
fo rOctober beinglo w er a ndJuly ofthe gr owth ye arbeing significant(0･95 level)
(Figu r e2b)･
The c orr elatio n sforthe c old-s e a s o n m o nths w erelow o rin c o n siste ntfro m m o nthto
m o nth fo rboth s atellite a nd gage data. The c o rr elatio n sbetw e e n m o nthly s atellite
-
deriv ed andgaggedpr e cipitatio n w e r e all betw e e nO･64a ndO･92･ T hepa仕e m ofstr o ng
r e spo n se of tre e sto prlO r ye ar m Ois山r e w as als o pr e s e nt in our pre vious
hydr o m et o r ol gic alre s ults c o mparinglo nge r(55-ye ar)periods(Peder s o n et all 200 1)
but n ot as str o nglybias edto w ardsthepri oryear a Sthis sho rterter mdata s et･ Be c a u s e
也e c o m mon periodis o nly 17ye ars, the sta ndard c alibratio n- v eri丘c atio npr o c e血r e s
u s ed in m a nyde ndr o clim atologic alstudie s c o uldn otbefolo w ed(Co ok a nd Kairiukstis
1990).
Varyingte rr aininnu e n?esthe r e s ultsfo rboth Zuu nM od a ndUrgu nNar s(Figu r e
1). AtUrgu nNarsthetr ee rlngS corr elatedat .65with May- Octobe rpr e cipitatio nfo rits
e n c o mpa ssing gridc ell but at0.75withthegridc ellim m ediatelytothe s o uth(Figu r el)A
Urgu n Nar slie s at the n o rthe rn e xtent ofthe s e mi
- aridgr a s sla nds to the s o uth･
Co rr elatio n s血optothe n o地 ofthe sites acro s 也e He ntiyn Mts･ of Mo ngolia and 也e
Yablo n ovyi Mts. of Russia.
The
.
corr elatio nbetw e e nthefirst elge nVe CtOr a nd s atellite precIPltatio n e stim ate s
fo rthe pr e vio u sly- m entio n ed six e n c o甲Pa SSin,gblo cks is O･85(0･999 le v el) andthe
regr e s si?n e xplain ed 71 %orthe v arl a n C eln the pre cipitatio n data (Figu r e3a),
c o nfl rm 1 ngthe r egio n alsign alinthetr ees a nd v alidityofthe s atellite estim ates･
The v aria n c e e xplain ed is alw ays adjusted her eforlo s s ofdegr e e s of丘e edo mdue
to the regr e ssio n a nd labeled R 2a. The N D V Ire s ults addtothe e stablishm e nt oftr e e-
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m ngs a s v egetatio nindic e sin situ atio n s wher ether eispri m arilya si nglelimitingfa cto r
to gro wth(e･ g･ D 'Arrigo et all 20 0b). Single s erie s c o rr elatio n sbetw e e ntre e s a nd
ND VI forthe a ve raged May-Septe mbe r m o nths a reo･82a nd O･72forZu u nM od, a nd
Urgu nNars r e spe ctiv ely(0･99 le v el)I T he eige n v e cto r&o mbothsite s a ndthe a v er aged
N D VIv alu e s c o rr elate at O
･77(Figur e3b)and the r egre s sio n e xpl?in s59% of the
va ria n c ein N D V Ⅰ･ Cor relatio nsbetw e e n m o nthlyv alu e s ofthefir st eige n v e cto rfo rthe
tw oN D V Isites a ndthe rl ng wi dtheige n ve ctor are sho wn in Figu r e4a･
The s oilm oistu r e r e sults sho w ed si mi la rpatte rn sto the pre cipitatio n corr elatio n s
with a str o ng effe ct ofpr10Tyear O ntr e egr o wth but a m o re co n siste ntpo sitiv epatte rn
forthegr owthyea r(Figu r e4b)･ Du etothe甲a ny mis sing v alu es,the s oilm oistu r edata
c o uldnotbe a v er agedintointegr atedtim es e rle StO c ompar e Withthetr e e-rlngdata.
Again,itsho uldbe n otedthat the n v alue sfわrthe s oilm oistu r e c o mparis o n sa re as
lo w a s2 on o c c a sio n a nd altho ughthepatte m s areinter e stingthe actu alv alu e s sho uld
be r egarded with c a utio n･ T he c o rrelatio n sbetw e en s atellit叩 r e Cipitatio n a nd s oil
m oistu re ar e relativ ely w e aka ndin c o n siste nt e x c eptforJuly･ This r e s ult c a nbepa rtly
attributed to the high w arm -s e as o n e v apoJran splr atio nto sse sin s emi- aridar e a sof
Mongolia.
Co rr elation sfo r c olde r m o nths mer ely sho w edthatduringthat s e as o n ofpo or e r
S atellite-deriv edpr e cipitatio n a nd N D VI data alo ng withthele s s a c c u r atepr e cipitatio n
data,the r eis n ota m e a ni ngfulpatte rninthe co rr elatio n s.
9. Dis c u s s畳on
T hetr e e sinthis studysho w v ery stro ng effe ct ofpr10 ryearPr e cipitatio n o n rlng-
widtb du ringthe growthye ar, r e s ults similarto Peders o n et al.(2001). In m a nytr e e
spe cies the buds, for m ed in the pn o rye ar, c o ntain allthe prl m O rdial fo rthe le a v e s,
sho ots
,
a nd inte rn ode stobegr ow n the n e xtye ar; as wella sgr o wth ho r m o n es, c alled
a u xin s
,
that m ove 丘o mthebudstothetwigs, br a n che s a ndtrunk ofthetr.
e e e arlythe
n e xt gr o wth ye a r(Ko zlo w skiet all 1991)･ Als o, late in the gr o wing s e a s o rl
c arbohydr ate s a r epr oduc e¢that ar e sto red fo rthe n e xtye ar's gr o wth a sthe c u rr e nt
ye ar
'
s gro wth(in cludingc ambial-c ell divisio nfo r r adialgro wth)slo w s at the e nd ofthe
アa rm s e as o n(Ko zlo w skiet all 191)･ He n c e m u ch ofthe follo wing ye ar
'
s gr owth is
signific a ntlydetermin edby gr o w i ng C O nditio n s ofpriorye a r･
The s e effe cts appe arto be str o nge rin the partic ularperiod u s ed fo r r egr e ssio n
be c a us eifthe e ntir e c o m m o npe riod ofpr e cipitatio na ndtre e-ringdata(194 ト1995)is
u s ed
,
the r espo n s e ofthe tr e e sto gro w ing-S e a s o nPre cipitatio nis m o r e e vident.
Ho w e v e r
,
the prl O r S e a s o nis stilthe str o ngerinnu e n c e o n ri ng- Wid ths, in agr e e m ent
with Peder s o n et al. (2 001). The c orr elatio ns with N D VIar e m o r edirect a sitisthe
"
gr ee n n es s
”
ofthegro wthye a rthatisbeing m e a s u r ed.
且0｡ Co mclⅦsio n s
Tbe c orrelation r e s ults indic ate the s atellite-de riv ed pre cipitation data ar e v alid
estim ato rs of a rea pr e clpitatio n in this r egl O n･ Relativ e to othe r dendr o clim atic
r egressio n s u singthe s e s a metre e-ringdata(Peder s o n eta1 2001),the v aria n c e e xplain ed
of 71 % is slghtlyhighe r e v e nfわrthe s a m etim eperiod(1979-1995).
This c o nfirm sthe s e n sitivity ofthetr e e rings a ndals ohelps confirm the v alidity of
the s atel ite obs e Ⅳ atio n s･ The syste m aticde c r e as ein c o rr elatio n s a s on e m o v e stogrid
c ells further a w ay fro rn thetr e e十rl ng Site s str o nglys ugge ststhat the inter relatio n ships
ar e c au s ala nd n otartifactsin spite oflimitedle ngthofc o n c u rre ntre c ords.
Tbe ND VIre s ults addtothe e viden c e or D'Arrigo et al.(2000b)thatifa single
limitingfa cto r, in this c a s epr e cIPltation, innu e n c e str e e a nd other v egetatio ngr o wth,
1 5
thetr e e-ri ngdata c a n se rv e as a n exc elle ntinde x. to v egetatio ngro wth e v e nifthetr e e s
ar e a min o rpe rc e ntage of the la nd c over. This cas epri m arilyin v olv e sla nds cape of
r elativ elylo w r elie£
Mo nta n e r egi o n s m ay diffe r. T he reis n e ed for r eplic atio ntote st the c o rr elation s
u s ing Othe rtr e e-ri ngSite sfrom the s a m e r egi o n a ndtote st othertype s ofr egl O n S･
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P.D .Gu nin*, A.N.Zolotokrylin
* *
, S.N. Ba zha*
*A .N . Sev erts ov ln stitute ofof Ec ologya nd Ev olutio n, R AS1 19071 Mo s c o w,
theLe nin skypr?sp･ ,33* *In stitute of Ge ogr aphy,Ru ssia nAc ade my of Scie nce
Absせr a c七
Ⅰnthe presentr epo rt the r e sdlts ofstudy ofgre e nphyto m a ssdyn a mic sha vingthe
e c oto ne char a cterinz o n al e c o syte m s are c o n side red. They wilbelocalized n e arto
border sbetw e e ndis crimin atingbyhu midificatio n ofla nds c ape-ec ologl C alr egi o n s a nd
z o n aト s ubz o n alstrlpS. Thepu rpo s e of inv e stigatio nis r e v e aling orz o n al e c o syte m s,
whichthegr ee nphyto m as s, a sa r e s ultofclim ate cha nge a nda nthr opoge nicpr e ss u re o n
pastur e sde cr e a s e s up to thr e sholdv alu e a nd be c o m e slo w ertha nit within thelast
de c ade s. Forthis pu rpo s edigital m aps of ave r age par a m eter of gr e e nphyto m a s s
thr eshold for s epa r ate de c ade s(1982-1991a nd 1992-2002) and the differ e n c e of
par a m etersbetw e e nde c ade s a r edeveloped･
Joint a n alysts Ofa m ap of la ndsc ape-e c ologic alge ogr apbicalz o n lng Or Mo ngolia,
m aps of z o n al e c o syte m s a nd ge ogr aphic distribution ofthe s e as o n with gr e e n
わhyto m a ss n ot ofs uperio rthr e sholdv olu m e(N D Ⅵ≦ 0･07)allo w s u sto m ake the
follo w lng C O n Clu sio n s:
･ Theten ye ar s
'
phyto m as s cha nges clo s etoitsthr e sholdv alu e aredo min a ntin a
tr a n sitory strip betw e e n也e Ce ntr aトAsian a nd lying to the n o rth Ce ntr aレ
Mo ngolia n- Dahu ria- Ea st
- M o ngolia n la nds c ape- e c ologic al r egl O n S･ T he inte r
de c adephyto m as s cha nge shav e z o n alcbar a cter･
､
｡ The terito ry with the lo w ertha nthr e sholdv olu m ephyto m a ss n otably ha s
extended n o rth in the s e a s o n of1992- 001, in compa ris o n withthe s e a s o n of
1982-1991
,
which indire ctly te stifie sto inte n sifying aridiz atio npe rthe la st
de c ade.
In the s e a s o n of 19 82-1991, the borde r with lo w er血re shold volu m e ofphyto m a ss
pa ss ed inlim ens of difRISion ofv erydrysteppe e c o sytem s(s e mi dw arfshr ub- tu s s o ck-
c e reals), a nd in the s e a s o n of1992-2001,it sbi氏edto a s o utbe 皿 Strip of zo n al dry
step pee cosyste m s(m otleygr a ss-tus s o ck-c ere als)and has c o m e n e ar e rto the s o uthe rn
borde r of diffusio n of steppe e c o syte m s(tu ss o ck-c ere als)on the e a st of Mongolia･
Thu s
,
theindic ated z o n al e co syste m sca nbe c o n sider ed asthe e c ot n e with 也e m o st
dyn a mic alpbyto m a sscha nge s n e artoits 也r e shold volu m e･ The s e e c o syste m s c a nbe
c o n sider ed a strigger, 血e phyto m a ss cha nge, which in c o n n e ctio n with a n o m alie s of
deposits, c a nbe as s u stain edby the aridiz atio npr o c e s s es atthe phyto m a ss abo v e
thr e sholdv olu m e a nd c o n str ainthem atphyto m as sbelow tha nthr e sholdv olu m e･
Theinterde c ade phyto mas scha nge, whichlo wertha nthr esholdv olu m eisimpu r e
o nthe a r e a:in n e xtde cadeitgr o w sin e c ot n e stripbetⅥ′e e n reglO n S a nd de cre asesin
Inte r- m o u ntaindepre ssionsdistrictoftheGobi
- Altai Ra nge･
i. ‡ntr odⅦctio n
At the e nd of 20
th
c e ntury, s atellite s upe rvisio n o v era c o nditio n of Ea r血 s uぬc e
be c o m e a s o u r c e ofth info rm atio n o n v egetation c o v erdyn a mic sin diffe re nt n atu r al
z o n e?･ Atte mpts ofelaboratio nderiv ativ esbas ed o n s atellite glV e nPar a m ete rs,
Which
repr e se ntspecial inter e stfわrthe chara cteristic ofa v egetatio n c o nditio n on thedry s oils,
are e v e n m or e ofte n u nde rtaken. The sepa r a m ete rs are r athe r u s efu lto studying
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de s ertiflC atio ndyn a mic s, espe cialyln its e arly pr e v e ntio n･ T he appr e ciable pla c ein
r e s e ar ch belo ngs to a s atellite v egetatio ninde x(N D VI) which-fo rm s abasis for
calc ulation,for exa mple,the Vegetatio nCo ndito nInde x(V CI),de s c ribinga co nditio n
ofv egetatio n&o m str e ssfu lupto go od in r elatio ntothe n or m(Kogan, 1987;1990), or
thr e sholdgr e e nbio m a ss e s, islo w erfわr whichthe pr obabilityofaridiz atio n a clim ate
gr o w s(Zolotokrylin, 2002, 003)･
In 血 epres entr eport, r e s ults of in v e stigatio n s ofgre e nbio m a s sdyn a mic sin zon al
ec o system sha vingthe e c ot n e cha r a cteris c o n sidered･ They arelo c ated n e artobo rde rs
of la nds c ape- e c ologic alr egion sdiffe ring o nhu midifying, a nditis z o n al - s ub z o n al
strips(Ec o syste m s of Mo ngolia, 1995)I The pu rpo s e of study - r e v e aling a z o n al
e c o syste m sin which gr e e nbio m as s, a s a r e s ult of clim ate nuctu atio n s and
皿 也r opoge nic.pr e s s u re o npastu r e s, de cr e as e s叩 tOthr e sholdv alu e a nd becom e slo w e r
th皿 it
,
within la st de c ade s. For this pu叩O Se digital m aps r epr e s e ntig the m e a n
pa r a m eter of也resboldgr e e nbio m a s sfb∫ s epa r atede c ade s(1982-1991a nd 1992-2002)
a nd differ enc e s ofpar a m eter sbetw e e nde c ades are c al ulated･
2. M e他odologic alappr o a che s o n ad pta也o nVegeta也o m畳mde xto a ridzon e
ln ari dregio n s withpre v ale n c e ofper e n nialpla nts r efle ctio nin s e e n(Kl,0･58-O168
micr o n s) and in the n e ar e st in&a r ed (K 2, 0.72-1.1 micr o n s)r a nge sde cre as e sin
pr oportio n a sthe v egetatio n
'
pr oje ctiv e c o v e n ng l n Cr e aS eS･ It e xplain sthe fa ct that
long-te rmdes e rted plantsha v e a mix･ofgr e e n a nd dying off1e a v e sthat inaggr egate
rene ctin a s e e n r a nge m or einte n siv e, a nd m or einte n siv ely abs o rb ininfrar ed, than a
v egetativ e c o v e rin r egl O n S With m or e
●
da mp co nditio ns. Be side s, Ⅶ1derlo wprqjectiv e
c o v erl ng Ofpla ntsin des e rts, s o medefle ctio n ofa n estim ation isbr o ught withthe s oils
highlyrefle ctive abiltyin s e e n and i n e arin&ar edr a nge s ofspe ctru m･
The w e ekdata ofVegetatio ninde x withtheplX e1 16Ⅹ16 km ha v eprl m ary V alu efo r
studying distributio nthe w e ather-indu c ed v ariatio n s of v egetatio n c o v er･ Ho w e v e r,
stre ngthe ning of their v ariability, which redu ction the n ed for addito n al spe cial
proc edure ofpro c essing(Koga n,.Sulliv a n, 1993)is c o n n e ct dto the high spatial a nd
tim e s a n ctio n of 也e sedata. The m o n血1y data or Vegetatio nlnde x withthe s a n ctio n
lxl ointhis c a s e ar e m o r e stabl a nd a r e of inter e stfo r r egi o n alge n er aliz atio n s. Inthe
glV e n w ork, m o nthlyv alu e s ofa v egetativ einde x withthe s a n ctio nlxl
o fo rtheperiod
May - Septe mber, 1982-2001(D istribt止ed A Åc…)a re u s ed.
The m o n也1y N D V I≦0.07 is 叩plied a stbr e sbold bio m as svalu e･ As sho w nin 也 e
pr e vio u s w orks(Zolotokrylin, 2002; 003), the ari diz atio npr o c e ss e sin dryla nds ar e
w elle xpre s s ed u nde rdo minatio n of 也e r adiating m e cha nis m of he atexcha ngebetw e e n
la nds urface a nd atm o sphere. T his mecha nis mis sho wnin arid e co syste ms with gr ee n
bio m as s≦0,5 Tnl ain dry w eight thatis equiv ale nt to v alu eN D V I≦0.07. Thus, the
c o n c ept thr eshold bio m a ssi c o n v e ni tfo r u singfo r m o nito ring aridiz atio npro c e s s e s
in e c o syte m s, bringi ngtOde s ertific atio n. Itis n e c e ss aryto n ote,thatfallingbio m as s up
to 也re sboldv alu ein z o n ale c o syste m sis obs er v ed a s a r e s ultofthelo ng-te r mdr o ughts
c o verl ng e xte n siv etemitories m o r e often. Be sides, falling bio m as sbe c o m es m o r e
appreciablein e c o syte m s, s ubje ct tohu m a ninnu e n c e･
3. T hethr e s
L
holdgr e e nbio m a s s c a rtogr aphic alinte rpr etatio n
Fo r c artogr aphic al interpr etatio nthepar a m eter w a s e nt r ed - the period du ring of
Ⅵ血ichthegr e e nbio m a s sdo e s n ot e x c e edthr e sholdv alu e. M aps ofs u chpar a m eter w er e
elabo r ated a sfollo w s : o n r e s e a rch dterrito ry l n e v e ryo n e O n e-d gr e e c ellthe s u m of
m onthsfor a v egetatio n s e a s o n(May - September)with N D V I≦0.07 w as dete rmin ed.
Fu rtherdivisio n ofthis s u minto the s u m of allye a rs c al ulated a v erage v olu m e of a
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par a m ete rfor M ay
- Septe mbe rfortw odec ade s(1982-1991a nd 192-2 001). The
par a m ete rhasdim e n sion oftim e a ndsho w sdu r atio n ofco ndition s,in m o nths, at which
gree nbio m as s a chie v edo r w a sbelo wthr e sholdv olu m e･ Zer o anis olin e apar a m ete rit
is c o n sider ed aslo ng-te r mbo rde r of distributio n m ainly aridizatio nproc e s se s･ The
par a m ete rgr o w sinthedire ctio n ofs o uthem Stateborde r ofMo ngolia, a nd in e xtr a- arid
de s ertsitc o m e s n e ar e rtothe m a xim u m valu e- toflV e m o nths.
Forthe a n alysis the m aps ofla nds c ape- e c ologic al div sion of Mo ngolia(Gu nin,
Vo stoko v a
,
1995)and z o n ale c osyte m s(Ec o syste m s of Mo ngolia, 1995), a ndals othe
sche m e ofge ogr aphic distributio n ofa par a m eterha v ebe e n u s ed･ Fig･ 1 Apr e se nti g
the m ap o n which in c olor,beginhlng丘o mlight-gre e n upto violet, sho w sin c r e a singthe
par a m eterfo rthepe riod of1982-1991･ On s a m e m apthefatlin e allo cate s r egio n s, and
bythinlin es- the ar e as c o rr e spo ndingtola ndsc ape-e c ologic aldivisio nintodistricts(tab.
1).
Tablel･ Sche m e oflands c ape- e cologi c alz o n e s of Mo ngolia
Regio n Pro vin c e District
A.A ltai- Sayan AI. Mo ngoトA ltai
A II. Hubs ugul
A I-1. Mo ngolian Altai
A I-2. Ureg-Nuur
A II-1. Ulan-Taiga
A I-2. EastHubsugul
A II-3. Darkhat
AI-4. Hubs ugul
A rt-5. Sangile n
B. Tr an sbaikal Bl. M iddle-Sele nga
BII. K hentii
BI-1. Buteiliin
BI-2. Bureg-Nu r
BII-1. Baga- 馳 entii
BII-2. Ttlul-On o n
BII-3. WestK herltii
W . Daguria- East-
M ongolian
W I. East- Mo ngolia n
W II. East- 監b al kh
W I-1. Uldzin
W I-2. M en engllntal
W II-1. M iddle Kerule n
W II-2. Dolo ngyn Gobi
W II-3.Dariganga
G. E hyangan GI. Sub-H angal GI-1. M iddle HalbiⅠ唱01
G ト2. M o ndtoil血a m ar
DI. H angal
D II. WestHalkb
D III. Central Halkh
D･ Ce ntral- Mongolian
Dl1 , No rth-K ha ngal
DI-2. West一 肌 angal
DI-3. South-K hangal
DI-4. 艮hankhukhiin
D ト5. Tesiin
DII-1. Orkho n
DII-2. Burgetul
DII-3. Darkhan
DII ト1. M andal Gobi
D Ⅲユー2. No rth Gobi
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Regio n Pr ovin ce D畳strict
E.Ce 政 al
Asian
EI. Gobi_ A ltai
EII. Gobi- Tie nSham
EIII. Hollo w-lake
ET V. W al ley-lake
E V. M iddle Gobi
EVI. Gobi
EI-1. Mo u ntain o u s
EI-2.Ⅰ血e ト m O Ⅶntain depressio n s
EII-1. M ou ntain ou sfoothills
EII-2. Piedm o nt
E Ⅲ1-1. Uv su n ur
E ul-2. Achitn ur
E uJ-3. Lake
EIII-4. M iddle一 皿 o u ntain
EIII-5. Sba唱11n
EIV-1. Khangal
EI V-2･ Bo nts agan- Or ogn u r
E V-1. Oigiingol- Saishand
E V-2. Dalandz adgad
E v ュ-1. D 血u ngarianGobi
E V I-2. Tr an salti Gobi
E V I-3. A lashan Gobi
E V I-4. Gashu nGobi
E V I-5, East- Gobi
As sho w n o nflg･ 1 A, the z e r oborder of a par a m ete rpa ss e sin the w e st territo rie s
betwe en N 46a nd47o
, 叩pr O Xim ately 叩 tO E 93
o
･ The nitbe nds aro u nd Big Lake s
Hollo w &o m the n orth a nd furthe rgo e sto the e ast upto E 105
o
,
m igr ating betw e e n
N 45･ a nd 46･5o ･ On a site &o m Big Lakes Hollo w uptothe e ast te rmin alcir c uits of
Kha ngai Ridgetheborde rlays withinthelimits ofthe Centr al- Asia n r egi o n, de viating
&o mborde rbetw e e n r eg1 0 n S n O m ore tha n o n o n ehu ndr ed kilo m eter s. To the e ast of
EIO3o m e ridia ntheborder ofpar a m eterhaslatitudedir e ctio nbetw e e nN 45a nd 4 6
o
,
up
to do wntoStateborder･ Actu allytheborde ro nthisterrito ry pas s e s alittletothe n o rth
ofthe Centr al- As ia n r egio n a nd div de sNo rth Gobi(D III-2)a nd ar e aDolo ngyn Gobi
(W II-2)districts alm o sthalf- a nd-halfinlatitudedir e ctio n. As a wholetheborderdo e s
n otle a v efor n o rthe rn1imits of v ery dry steppe e c o syte m sdistributio n(se mi dw arf
shrub-tu ss o ck-gr a s s es) (fig･ 2)･ As sho wn o nfig. 2, the period with gr e en bio m as s
below thr esholdv olu m ein e c o syte m s v ery dry step pes do e s n ot e x c e ed 0.5-1.0
m o nths.
T hete rrito ry withgr e e nbio mass n ote x c e edingthr esholdv olu m ehasin creas edthe
ne xtde c ade1992- 001(fig･ 1 B)･ Theter ritoryhas e xtendeddu eto Lake D istrict(EIII-
3), K ha ngai(EIV-I), and So uth- 馳 a ngai(D ト3･) The te rrito ryin cluded c o mpletely
No rth
,
Gobi(D III-2)a nd Dolodngiin Gobi(W II-2)districts, a nd signific a nt part of
Ma ndal Gobi(D III-1)･ Thu s, du ring1 992- 001thebo rder ofpar a m ete r co m e s n e ar e rto
n o rthe rnStateborde rin a n o rthw estpa rtof Mo ngolia･ Inthe c e ntr alpart of Mo ngoliait
is str etched o n s o uthe m slope s of 別Ia ngai Ridge･ Tothe e a st ofa ridgethebo rderlays
betw e e nN 46a nd 47o
,
Iand onlyinthe e a st territorie sitfallstothe s o uth upto N 45
o
･
Thu s
,
in de c ade of 1992-2001the period wi也gr e e nbio m as sbelow thr e sholdv olu m e
ha s e x c e eded o n e m o nth in n o r血e m e c o syste m s ofv erydrysteppe s, a nd inthe c entral
partofMongoliatheperiod bag c o m e n e ar erto o n e m o nth in e c o syte m s of drysteppe s
(tu ss o ck-gr a ss e) (flg･ 3),
.
a nd
､
to O･5 m o nths - in the m o st s o uthe rn e c o syste m s of
dr o ughtysteppe s(tu s s o ck-gr a ses)(flg. 4).
Usingthe m ethod ofs uperpo sitio nfo r m ap of la nds c ape- e c ologic al z o n e s a ndthe
period with gr e e nbio m as s, n ot e x c e eding the thr e shold v olu m e, c o ntains the
infbm atio n fわr areas in wbicb cha nge s ofthe period in c o mpar ed de c ade s a re
in signifl C arlt. To s u ch are a s w e r elate Tr a n s alti Gobi(E V I-2)and A lasha nGobi(E V I-
26
3)(Fig. 1)･ Inthis c o n n e ctio nitisimpo rta nt to alo c ate z o n ale c o syte m sin whichther e
is asharp cha nge ofthe pe riod o n a re a･ Assho w sfig･ 5, the m a xim al cha nge ofthe
period is m arked in a strlP Ofs o uthde s e rte c o syste m s･ Her eindir e ctio n&om the n o rth
tothe s o uth,theperiod will in cr e as e色
.
o m1
,
5 m o nths upto4(tr a n sitio n鉦o myello wto
da rk- violet c olo r). In spite of the fact thatfig. 5 char a cteriz e s a situ atio n of 1982-1 991
de c ade,the z o n e ofsharp cha nge oftheperiod inthe n e xtde c adeis ob
'
se rvedin s a m e
e c o syste m s upto E I O2
o
m e ridia n
,
a ndtothe e a stin a stripofmiddledesrt e c o syste m s･
Fo r studyv egetatio ndyn a mic s也e z o n ale c o syte m s r e v ealingl Sinte re sting, whe r e
thegre ate stcha nge s ofthe
､
period w 地 gre e nbio m a ssbelo wthr e sholda re m a rked･ On
fig･ 6 and 7c olo rs sho甲S Cha nge oftheperiod in ade c ade of1992- 00l,in c o mparis o n
with pr e vio u sde c ade･ Br o w n shades sho win cre a s ein the period, a nd na v o vir e nt -
r edu ctio n･ Itis visible &om figu r e s;the appr e ciable in c r e asein the period at0,5-1
m onths last decade, in c o mpa ris o n with pr e vio u s･ It ha stake n pla c e m ainly in
e c o syte m s of v e rydrysteppe s(se midw arfshrublu s s o ck-gr as s e s)a nd in e co syste m s
ofde s ertedsteppe s･
Alo ngside with e xpa n sio n ofterritory withgre e nbio m as sbelo w thr e sholdtothe
no rth,lastde c ade s o me r eductio n ofthe pe riod wi他山 e shold bio m as sin a s o uthw est
part of Mo ngolia(espe ciallyin e a stpart ofa strips o uth de;ert e c o syte m s)(fig. 6,7)is
obs e rv ed. T he are a ofr edu ctio n ofthepe riod lie sbetw e e nM o ngolia nStateborder- in a
s o uthw e st, a nd 別 04
o
m e ridia n. In s o me lo c alplace s of 仇is ar e athe pe riod ha s
de cr e a s ed alm o stforI m orlth. Thu s, la st de c ade pr o m otio n ofbo rde r with gre e n
bio m a s sbelo wthr e shold v olu me to the n o rth a nd in c r e a s einitspe riodtothe gr eatest
degr e ein a s o uthe ast ofthe Ce ntr al
- Asia n r egi o n W a s m arked･ The gl V e n r e s ult
te sti丘e sto aridiz atio npr o c es s e s stre ngthe ning on thiste rrito ry･ Lo c alr edu ctio n of也e
period wi也 gr e e nbio m as sbelo w tbr esbold volu m e(aridiz atio n e asing)in inte rs
m o untain-hollo w a rea s ofr egl O n W er Sim ulta n e o u slyobs e Ⅳ ed･ ､
4. Co n c且tlSio n
T hejointa n alysis ofm ap ofla ndsc ape- e c ologlQalz o n e s of Mo ngolia, m aps ofzo n al
e c o syste m s a ndge ogr aphicdistributio n oftheperiod withgre e nbio m a ss n ot e x c e eding
thr e sholdv olu me(N D V I≦0.07)allo w sto m akethefollo wing c o n clu sio n s:
Te nye a rs
'
cbangeinbio m as s n e artoitstbresboldv alu edo min ate sintr 弧 Sitio n strip
betw e enla nds c ape- e c ologic alr egl OnS:Ce ntr aト Asia n a ndlyingtothe n o rth Ce ntr al
-
M o ngolia n 皿d Dagu ria
- Ea sトM ongolia n･ Inte rde c ade bio m ass cha nge sha ve z o n al
cha r a cte r.
Tbe territory with bio m as sbelo w thr e shold v olu m e during 1992
- 001 ha s
appr e ciably e xte ndedto the n o rth, in c omparis o n withthe pe riod of 1982
-1991
,
that
indir e ctlyte stifiesto aridiz atio n str e ngthe nlngla stde c ade･
Du ring 198 2-1991the bo rder with in bio m a ss belo w thr e sholdvolum e pa ssed
within thelimits of distrib山io n e c o syste m s of v e ry dry steppes(se mi dw arf sbmb-
tus s o ck-gr as s e s), and during 1992- 001 it w asdispla c ed in a s o uthe rn strip ofz o n al
e co syste m s of dr o ughty steppe s(m otley gr as s-tu ss o ck-gra ss es)a nd has c o m e n e ar e rto
s o uthe rnborder ofsteppe e c o syte msdistributio n(tu s s o ck-gr a ss e s)inthe eastM ongolia･
T hu s
,
spe ci鮎d z o n al e c o syste m sitis po s sibleto c o n sider a s e c oto n ewiththe m o st
dyn a mic al bio m a sscha nge s n e ar to its thr e sholdv olu m e･ The s e e c o syste m s c a nbe
c o nside r ed as trigge r, bio m a ss cha nge s of which in connectio n with pr e cIPltation
a n o m alie s c a nto s upport the aridizatio n pr o c e s s e s u nderbio mas s abo v etbre sbold
volu m e
,
a ndto c o n strainthe m u nderbio m a s sbelo wthr esholdv olu m e as well･
27
Inte rde c ade bio m a s s change belo w thr e shold v olu m eis dis simi larin te ritory:
du ring the la st de c ade it gr o w sin e c ot ne strip betw e e n r eg10 n S a nd de cr e a s e s･in
Mo u ntain o u sdistrictofGobiAltairegl O n･
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Ts uto m uSu z uki
,
En vir o n m e ntal PolicyA dvis erto M N E/JIC A
Da v a a s u re nNar a nge rel,Infor m atic s& R S Institute, M o ngolianAc ade my of Scie n c e s
且｡ 耳m息r odⅦcせ豆o m
Res ou r c es a nd e nvir o n m e nt ar elimited. Fo r su stain able u s e of li mited n atur al
re s o ur c e s
,
ther eis n e ed fo r agre e m e nta m o ngstakeholder s e n vir o n mental m a n age m e nt･
Itisimpo rta nt a nd als o effe ctivetopla n a n e n vir o nm e ntal m a n age m e ntha v eba s ed o n
e nviro n m e ntal infor m atio n syste m s･ G ISa nd its vis u al pre s e ntatio n a r eimporta nt
c o m m u nicationto olsfo r r e s o u r c e s m a n agem e ntplarln mg･
2･ Na紬 r a且汲e s o u r e eM a m喝 e m e 汲t Pr oble m sin M o ngo且畳a
lnfo r m atio n a v ailbilityislo w. Data ar e s c atter ed a nddiffic ult to find a nd obtain.
Disc u sions usl ng m aps a nd vis u alpres e ntatio n s ar epo o rlyl mple me nted in Mo ngolia･
Fe wpe ople u seha ndouts a nd othe r m ate rialsindis c u s sio n.
3･瓦mpo rta nt Fa eto r s畳n 汲es o Ⅶr c eM二a m 盈ge m e nt
Forpr oper imple m e ntatio n of r esou r c e m a n age m e nt, importa nt fa cto rsin clude
publicpa rticipatio n, u ndersta ndingofre s o u r c e s ma n age m e nt a nd loglC ale xte n sio n and
tr a n spar e n cy ofpla n nl ng Pro c e s s.
3･1･ PublicPa rticipatio n
As the m o st of e n vir o n m e ntaliss u e s c o n c er 1a nd u s e
,
actu alla nd u s e rs- the
o rdin ary public - ha v eto bein v olv ed inla ndpr odu ctio nofre s o ur cらs m a n age m e nt
pla n s･ Othe r wis ethe m an age m e ntpla n will be m e rely paperpla n･
3･2･ Under standingof Re s o u r c e sM a n age m e nt
Under sta nding ofthe ne eds of re s o u r c es m anage m e nt a ndthe a w a re n e s s ofthe
stakeholder sarethe m o stba sic ele m e ntsfo r effe ctiv eimple m e ntatio n ofre s our c e s
m a n age m e nt the pla n s･ T he r efo r e, the choic e a nd us e ofthe right com m u nic atio n
to ols are m o st importa nt. Ilustr atio n a nd pre s e ntatio n o n m aps are effctiv e
c o m m u nic atio nto olsfわrla ndu s epla n n l ng.
3･3･ LoglC ale xte n sio n a ndtr a n spa re n cy ofpla n n lng pr o ce ss
Itis possible to vie w the e n vir o n m e nt a s a stm ctu r eby u sl ng e n vir o n mental
info rm atio n syste mdata･ Als oitispo s sibletoha ndle sim ulatio ndata･ The n atu r e
orthepla n n lng pr o c e s s Ofr e s o u r c e s m a n age m e nt requlre Spe ople withr atio n ality
tohe叩 m a ny Other sto unde rsta ndthepla n.
Itis n ot ago od ide aforthe plarlnl ng Pr o c e s stObe c o n c e al d in abla ck bo x. The
tbinking pr o c e ss ofthe pla n nlng m u stha v etr a n spar e n cy 皿d alltheinfbm atio n
whichu s edinthepr o c e s s m u stbe a c c e ssibleto e v e ryo n e.
4. G ⅠS
GIS a s a scie ntific applic atio nin ge ology, e n vir o n m e nt a nd n atural r e s o u rc e s
m a n agem e nt, bega nto be u s ed in Mo ngoliain 1990. But the applic atio n s of GISa nd
Re m ote Se n slnginfo r m atio nfor e n vir o n m e ntalpolicya ndde cision- m aking pr o c e s s a re
qulte V ery n e w andthe re n e edsto be m o r efa cilitatio n a nd de v elopm e nt. Fo rfuture
dev elopm ent of Mo ngolia n pr ote cted are as u nder the M inistry of Na山r e a nd
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En vir o n m e叫 tbe applic atio n sorG PS, G ISa nd R,e mote Se n sing ar e V ery i mportant,
e speciallyifw e c o n side rthat a ctu alpr ote cted are asbo u nda ries ar e notdefined with
GP S･ De s crlPtio n s ofpr ote cted ar e abo u ndariesdefin edin ter m s ofpe ak m o u ntain
points a nd c e nte rs ofriv ers ofte n c o uldle adto mism atche s ofthe s ebo u ndarie s o n
pr odu c ed m aps･ Establishing
uhardn
, pr e cis eG PSpointsfo rpr otected ar e abo u ndaries,
e spe cially ln
u
C r u Cialn are a s n e ar min lng-lic e n s ed ar e a s a nds ettlem e nts, will helpto
a v oidpr oble m s a nd iss u e s of illegal m l nl ng, illegal bu ntlng, loggl ng a nd m a n
- m ade
fo r e stfir e sin sidethepr ote cted ar e a s.
5. En viro n m e ntal Policy
5.1. Cha r a cteristic s of Mo ngolia
T he gr e at e xte nt ofthete rrito ry, s m allpopulatio n a nd div er s e n atu r ale c o system ar e
the characte rize of Mo ngolia･ Therefo r eitisimpo rta nt to gr a spthe n atu r ein the big
s c ale a nds m alle r c o st.
At 也is m o m e ntin M o ngolia, the m l nl ngindu stry a ndthe spe cialpr ote cted ar e a
syste m ar e c o ntr adictingsharply･ T her e w a spla nto e xte ndthepr ote cted ar e a upto3 0%
oftheterrito ry bythe ye ar of2 03 0･ In 2 003, 70% ofthetemito ry alr eadyis su ed and
c over ed by som e ofthe minl nglic e n s es･ Whe re will Mo ngolia npe ople liv ein the
futu r e? Unle s sM o ngolia sticks to the pr e s e ntpolicy, which does n ot allo w min l ng
in sidethe spe cialpr ote cted ar e as,it m u･stbethetu m l ng pointn ot o nlyfわrthepr ote cted
a re a syste mbut als o n atur e c o n s e rv atio nin this c o u ntry･ Ifo n e e x a mple ofe x cluding
spe cialpr ote cted a re a appr o v ed in the parlia m e nt, it m u st o c c u r ado min o effect a nd
dis ruptedthepr ote cted ar e a syte m in Mo ngolia･
5.2. Applic ablein m a nyfields
GISa nd s atellitetr a ckingsyste m shelpto understa nd andfin dthe gapbetw e e nthe
de sign ated ar e a a nd a c山 al u s e ar e afわr mlgr atOry a nim als, s u ch a sthe white
-tailed
ga z elle･ Wildlife c on se rv atio nis s u eis als o a m atter ofla nd u se, ho w m u chr e s o urce sw e
sho uldallo c atethe mto a v oidc o n ict withdo m e sticliv e sto ck.
GISa nd e n vir o n m e ntal infbm atio n syste m c a nbe widely u s ethe s ete chn ologle StO
pa stu r ela nd m a n age m e叫 c o mbating withthe de sertific atio n, pr ote cted ar e a, airqu ality
a nd w ate rqu ality m arlage ment.
6. Ne eds and Adv a ntage s of lntr odllCingG IS
6.l. Ce ntr aliz edG ISa nde n vir o n m e ntaldataba s e syste m s
Atpr e s e nt the r eis n o e xistingc e ntr aliz ed e n vir o n m e ntal database･ A n u mbe r of m ajo r
c o mpo n e ntsin whole ge o
-info r m ation in&a stru ctu r esu ch a sGe o spatial data sta ndard,
s olidpolicyfo rdataqu alityarehardy missl ng･
In order to impro ve envir o n m e ntal infわr m atio n s upply a nd infわr m atio n qu ality,
sta ndards a nd r ole sfわr data sharing a nd e x cha nge sho uld be gl V e ntO C e ntraliz ed
age n cie s ofthe M inistryfわrNa山r e a nd En vir o n m e nt･
6.2. Dataqu ality
Ma ny c u rr e ntpolicy m ake rs ofe n vir o n m e ntalinfわr matio n stilldo n otha v e a c c e s sto
a c c u r ate G IS infbm atio n. M o st ofthe e xisting G IS data ar e n ot pr o c e s s ed with
adequ ate a c c ura cy - a nd so m eba sic oper atio n s with spatialdata s u ch as data e ntry,
ge o m etric a nd r adiometric c orr e ctio n, ge o-r efe re n cl ng, Prlm ary Cla s sific atio n ar enot
pr oce ss edat adegr e e whichs uits u s e rs n e eds a nd bype ople withexpe rtkn o wledge･
T he is s u e of spatial data ge o-r efer e n clng differ s at orga niz atio n sde aling with GIS
infbm ation. Us e of old So viet syste m ofprqe ctio n a ndellips oid ha sbe e ndis cuss ed
m a ny tim e s, but stilit is n ot cle a r a nd n ot c o n sidered fro m the Geode sy and
Cartogr aphy depa rtm e nt･ Setting up sta nda rds s u ch a s n atio n al r efere n c e syte m,
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Mongolia n n atio nalsta nda rdiz edspatialdata s ets ofge ogr aphic aln a m e s, administr ativ e
bo u ndarie s
,
Jthe matic info r m atio n- s oil, hydr ology, u ndergr o u nd a nd gr o u nd w ater
re s o ur c es, v egetatio n, populatio n a nd m eta- data sets will impr o v eGe o spatial data
in舟astn lCtur ein M o ngolia.
6.3. Datapr o c e ss lng
Pr o c e s sl ngSpatial data with A R C V IEW GⅠSisquitepopularin M o ngolia･ Itis o n e or
the cheape st ways ofpr odu cing GISm apsin a
"
quicka nd dirty
”
way. Dataproc essing
c o uldtake pla c e at spe cializ ed age n cies that c a ndir e ctly c o m m u nic ate with u s e rs,
substa ntiallyimpr o vi ngG IS dataqu ality.
6.4. Dataintegrity .
Ma ny sou r c e s ofGISa nd e nvir on m entaldata age n cies, orga niz atio n ope r ate s epar ately
witho ut data a nd info r m atio n e x cha nge sharing･ Situ atio n s c o m m o nly wher e
o rga niz atio n s ove rlap w o rk ofother s･ Orga niz atio n s a rise workingatEn vir o n m e ntfield
ha v epote ntial in policyde cisio n m akinga ndtherefo re, dataintegr ation fr om differ ent
s o u rc es could innu e n c ede cisio n a ndpolicy m aking pr o c es sin apo sitiv e w ay･
6.5. Capa citybuilding
ln r ece ntye a rsin M o ngolia de m a nd fわr a c c urate GⅠSinfbm ation o n e nviro n m e ntal
iss u e sis r apidly l n C r e aSl ng･ Ma ny en vir o n m e ntale xperts w orking both o utside a nd
in side Mongolia ar e s e eking s uppo rtfro mthe M inistry ofNatu r e a nd Envir o n m e nt to
sharedata at n atio n al, c o ntin e ntal a ndgloballe v els. Theis s u eofbuildingI n stitutio n al
c apa city at both policy a nd te chnic alle v els will integr ate pla n n lng, m an age m e nt,
m o nito rlng a nd de cisio npolicy m aking pr o c e s s e s. T helinkagebetw e e n o rga niz atio n s,
ide ntiflC atio n oftr ain ingn e eds, pe rs onneltr al n lngSho uldbede v eloped a nd optimiz ed.
One or仇e negativ e a spe cts c o n c e m lngGIStr al n lngin Mo ngoliaisthe selectio n of
the highe st r a nking pe ople fr o m ministrie s, witho ut appr opriate edu c atio n al
ba ckgr o u nds o n e n vir o n m e ntal s ubjects. The te chnical pe rs o n n el
lde aling with
e n vir o n m e ntal infor m atio n 丘o m r el v a nt o rga niz atio n s of the Natio n al For e st
Ma n age m e nt Ce nter, the WaterRe s o u r c eC nter a nd othe rsdo n ot ha v e a c c e ssto
inform ation on n e wte chn ology o n GIS a nd ･RS. M a ny ar e u sing Old Soviet
m ethodologyto e stim ate fo r est a nd w ate r r e s o u r c e s･ In v e ry r ar e c a s e s s o m eRe m ote
Se n slnginfo rm atio n withpr odu ctio n of G IS m aps witho ut a c c u ra cy sta ndards o nA R C
V IE W G ISsyste m sin a
"
quick a nd d 出y w ay
” do n ot r e ally m e et inte m atio n al
sta ndards a nd do not e n c o u r age data e xcha nge atinte matio n al le vel neithe r at n atio n al
level.
6.6. Projectimple m e ntatio ns withfre edo m ofinfo rm atio n
Theis s u e ofdatainfo rm atio n excha nge sharingbetw e e ndiffer e nt orga niz atio n s sho uld
be o n e ofthe milesto n e sin M o ngolia. Setting up Mo ngolia n n atio n al ge o spatial
sta nda rds wil s ubsta ntially impr o v e a nd it will w elc o m eimple m e ntatio n of
e n vir o n m e ntalpr oje ctsinto Mo ngoha. GIS info r m atio n&e edo m inthis c o nte xt willbe
on appr opriate data sharing, data e x cha nge sta ndardsin as ettled w ay witho ut se eking
illegalGISdata s o ur c e s, without obtainlng u n r eliable a nd n ota c c u r ate G IS infわ- atio n
fro mdiffer e ntso u rc es a ndo rga niz atio n s.
6･7. M ainte n a n c e a nd updating
Any e stablished GISsyste m n e eds r egular updating of inform atio n･ Theinfor m atio n
e xcha nge a nd info r m atio nno wbetw e e n orga niz atio n sw orkingl n e nvir o n m ental fields
a nd o rga niz atio n allinkage sho uld be optimiz eda nd丘1rtberde v eloped･
7. Co m clⅦsio m s
Theide a a nd ne edtofor m ulate a c e ntr aliz ed e nviro n m ental databas e atthe Ministry
of Nature a nd En vir o n m e nt a ndthe de v elopm e nt of a ge o spatial datain丘
･
astm ctu re
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fr a m e w ork ata n atio n alle v el is s ubsta ntial. Effo rtsha v etobe m adeinte r m s ofc apa city
building, e stablishing m e cha nis m sfo r data e x cha nge a nd sharing･ Orga niz atio n s
w o rking o n e n vir o n m e ntal is s u e sha v eto be･in v olv ed･ The Ministry ofNatu r e a nd
En vir o n m e nt sho uld fo r m ulate a nd imple m e nt info rm ation str ategyfo r sustainable
e n vir o n m e ntal m a n age m e nt･ T he pr oce ss ofgeo-info r m atio nno w betw e e ndiffe r e nt
agencies ofthe Ministry of Nature a nd En vir o n m e nt willn e ed settled upinfor m atio n
in丑･a stru ctu r e丘a m e w ork a nd c o ope r atio n･ Ba sic kn o wledge of GIS, G P Sa nd R S
te chn ology applic atio n sfo r e n vir o n m e ntalpu rpo s e sis on e of the prl m ary n e eds ofthe
M inistry of Na土u re a nd En vir o n m e ntper s o n nel･
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A わ如r a cせ
La nd c o v er classifi c ation o v erYello w Rive rbasin
,
C hin a
,
by m e a n s of simple
de cision tre e clas sific atio n m ethodu si ng m ulti-te mporal m etric sderiv edfr o mM O D ES
dataisde m onstr atedin th ispaper･ Sin c ela nd c o v eris o n e of theinputpa r a m ete r sin
hydr ologl C al m odel, the critic al fTe atu r eof cla s sific atio n m ethod is to c o ntr ol the
cla s sifTIC atio n r es ult sl ngthr e sholdv alu e s･ Thete ntativ e re s ults sho wgo od c or relatio n s
withe xistingdigital la nd u s e m ap, tho ughs m al o v er e stim atio n o r u nder e stim atio n ar e
u n c o v ered in s e v er al c atego rie s andimpr o v e m e ntis n e c e s s ary lndis c rimin atingthe
si ngle c r opped agrl C ultu ralfleld fr o m n atu r algr a s sla nd. A djustm e nts ofthethr eshold
v alu e s e stablished inthe de cisio ntr e e w o uldbedo n e withthe aid of highe r re s olutio n
s atellitedata.
且｡ 丑nせrodⅦct畳o m
T he de v elopm e nt of w ate r r es o u r c e m a n age m e nt m odel inthe Yello w Riv erba sin,
China, isimporta ntbe c a u s etb.e str e a m ofthe riv erhas n otr e a chedthe Bohai Se afわr
m a nydaysin aye a rsin c e1970s a s a r e s ultofclim ate cha nge a nd hu m a n activitie s. T he
la nd c o v e r a nd its cha nge r ene ct the inte ractions betw e nhu m a n a ctivitie s, s u ch a s
agric ultu r e a ndu rba nization, andn atu re asdynamic s ofw ater a ndenergy,the refore,itis
o n eofthe e ss e ntialpa r a m eter sfo rthede v elopm e nt ofm odel･ Thepu rpo s e ofthis study
isto a n alyzethela nd c o v er a nd its cha ngefわr20ye ars sin c e1980s o v e rYello wRiv er
ba sin u slngS atellitedata.
Tbis study c onsists or fわu rparts a nd thre ekinds of s e n s o rs. Te 汀a/ M O D IS,
N O A A /A V H R R
,
a ndLa nds at/T MorE T M＋ ar e utiliz ed in e a chpart a cc o rdingtoits
spatiala ndte mpo r alr e s olutio n s･ Firstpartisla nd c o v er clas si丘c ation uslng M O D IS･
M O D ISis a n ew s e n s or pe r atedsin c e1999, a nd ithastw o25 0m ete rsba ndsin visible
a nd n e arinfrar ed･ MODISvie wthe e ntireEarth
'
s s u rfa c e e v eryIto 2 days. T hela nd
c o v e r clas sific atio n m ap IS gen er ated fro m tim e s erie s M O DIS data in 2002 by
s upe Ⅳis ed decisio ntr e e m e也 od. Se c o ndpartis c o mparis o noftbela nd co v er m ap with
A V H R R data. A V H R R is ope r ated o v ertw e nty ye ar sfr o mthe e nd of 1970s[1], a nd
pr e cio u s a nd long te r m s e a mles sdata ar e a rchiv ed･ T he spe ctr al a nd te mpor al
chara cteristic sofA VHR R datain2 002ar e c o mpar ed withe a ch la nd c o v er c ategory of
the cla ssific ation m ap･ Thirdisthedete ctio n ofla ndc o v e r cha nge sin c e1982u si ngtim e
s e rie sA V H R R data. Infburtbpart, TM a nd ETM＋ ar e utiliz ed fb∫ v alidatio n a nd 山nl ng
ofthela ndc o v er clas sific atio n a ndcha ngedete ctio n, a ndthedetaileda n alystsinte nded
fo rthedr a stic allycha nged ar e a.
2･ M e軸 odology
2.1 Data
The pr odu ct n a m ed
”
Su rfa c eRefle cta n c e8- Day L3Global 25 0m
”
(M O D O9Ql)is
us ed inthis study. MOD IS u s e25 0m allo v e rSurfa c eRene cta n c eis atw o-ba ndpr odu ct
c o mputed fro m the M O D IS Le v el l B la nd ba nds 1 a nd 2(c e nter ed at 648n m and
39
858n m
,
r e spe ctiv ely). Thepr odu ctis a n e stim ate ofthe s u rfa9e spe ctr alr ene cta n c efo r
e a ch ba nd asit w o Ⅵ･ld be m e astlr ed at gr o u nd level ifther e w e re no atm o spheric
s c atte ring or abs orptio n. T he 45periods of M O D O9QIprodu ctsinthe whole of 2 002
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and the re s olutio nis 7･5 ar c s e c o n
'
ds･ Six m ulti-te mporal m etric s; a n rl u al m a xim u m
N D V I(N D Vしa n n_ m a x), a n n u al minim u mN D VI(ND Vしa n n_ min), a n n u al mplitude
of ND VI(ND Vしan n_ a mp), a n n u al minim u mba nd 1 r enecta n c e(Refしann _ min),
a n n u alTi?im u mba nd 2r ene cta n c e(Ref2}n n- min), tim e s erie s of m o nthly m etric s
(Aprilmln
.
1甲u mN D V I即D Vしap しmin),Ju n e m axim u mN D V I叩D VIJun -甲a 又), a nd
Augu st m ln l m u mN D V I(N D V I_ a ug_ min) arede riv ed fr o mthe tim e s erie s s c ale s
MOD ISdata.
2.2 Algorithm
La nd c o v e r clas sific atio n&o m regl Onalto globals c alesha sbe e nimple m e nted with
the u s e of A V H R Rdata by m e a n s of a v ariety of cla ssific atio n m ethods a s s u ch
clu stering[3], m a xim u mlikelihoodcla s sific atio n[4], de cisio ntr e ecla s sific atio n[5],
a nd hybridalgo rithm of de cisio n tr e e a nd n e u r al n etw ork [6】. Ru n ning et al.[7】
pr opo s ed a
.
simple ne wlogic fo r cla s sifying globalv egetatio nbas ed o nthe stru ctu ral
char a cteristics Of v egetatio n･ S inc ethe cla ssiflC atio n r es ultin this studyis theinput
pa r a m eterfo rthehydrologl Cal m odel,the critical fe atu r e ofthe cla ssific atio n m ethod is
to c o ntr olthe clas sific atio n r e s ult si ngSimplepar a m et9r S.
The s upe rvis ed de cisio ntr e e clas sific atio n m ethod is s ele cted inthis study e asin ess
in c o ntr ollingthe classificatio n r e s ult･ The de cisio ntre e clas sific atio n algo rithm has
signific a nt pote ntial fo rla nd c o v er m apping pr oble m s[8], a nd its pe rfo rm a n c eis
a c c eptably go od in c o mparis o n with that of other clasifler S, ex c ept With high-
dim ension al data[9]･ The s che m e ofthe cla ssifi c atio n m ethod inthis studyis sho w nin
Figure l･ The eight thre sholdvalue s ar e arr a ngedinthe e a ch steps ofthede cisio ntr e e,
a nd the r e s ult ofthe la nd c o v er classificatio nis tu n ed by the s ethr e shold v alu e s.
Ref2a nn minis appliedto e xtr a ct w ater a re a sin c ethe spectr alr ene cta n c e ofw aterin
n e ar-infrar ed w a v el ngth ba nd is m u ch lo w ertha nthatofla nds u rfa c e. N D VIa n n m a x
repre s e nt the m o st a ctiv e status ofthe v egetatio nin the ye ar, he n c eitis appliedto
c ategoriz e the n o n- v egetatio n a nd le s s- v egetatio n &o m other vegetated la nd･
ND VI an n min is applied to the vegetated are a fo rthe dis crimin atio n betw e e n
e v e rg e e n a ndde cidu o u svegetatio n･ 及en a n n minis als o appliedtothe v egetated a r e a
to dis c rimin atetr e etype a ndgr a s stype v egetation bas ed o nthe rough as s u mptio nthat
the tr e etype la nd s u rfa c eis ge n er ally
”
darker
”
tha ngr as stype la nd in the visible
w a v el ngth･ Thetim eseries of ND V I} pr_ min, ND Ⅵ+u n+ m a x, a ndN D V I
_
a ug_ min
ar ejointly u s ed to e xtr act do uble cr opped agrlC u加r al ar e as esp cially in 也e
do w n str e a m of Yello w Riv e rba sin･ The flrSt Cr OPPlng S e as o nis 丘o m midle of
Febru aryto e nd of May, a nd s e c o nd s e a s o nis fro mJulyto middle of No v emberinthis
r egl O n･ This pbe n ological char a cte ristic is u n lque C Ompar ed with other na山r al
gr a ssla nds o r single c r oppedagrlCultu r al fields･ T he r efo r e,ifN D V I
_
apr_ minisgreate r
tha nN D V IJu n_ m a x a nd N D V IJun _ m a xisles stha nN D Vしaug +n ln, thatpix el is
c atego riz ed a sdouble croppedagrlCultural field･ N D V I}n n
_
a mp a nd N D V Ia n n m a x
ar e ap plied to de cidu o u sgr ass type vegetatio nland to s epar ate single c r opped
agrlC ultural fields fro m n atu r al grassla nd･ The s etw o c ategorie sha v equite si mi lar
spectr al addphe n ologic alchar a cteristic s･ T herefo re,this criterion(ifNDVしa n n
_
a mpis
higher tha n tbresbold a nd N D V Ia n n m a xis bigbertha n threshold, the n it is
c atego riz ed as single c r opped agric ultu r al field)has no s upportiv e e vide n c e a nd itis
deriv edfu llye mplrl C allybytriala nd erro rappr o a ch.
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Figtlr e1. Flo w ofthela nd c o v er cla ssific atio n
N in ela ndc o v er c ategorie s(w ater, n o n- v egetatio n,le s s- v egetatio n, e v e rg e en forest,
e v erg e e ngr a ssla nd, deciduo u sfo re st, de cidu o u sgr a ssla nd, single cr opped agric ultu r al
field, a nddo uble cr opped agric ultural field)ar e establishedB･o mthe vie wpoints ofthe
para m eteriz atio n oftbe w aterbala n c e m odelu s ed inthis study, a ndthe ac cura cy orthe
la nd cov er cla s si丘c atio n･ In ge n e ral, par a m eteriz atio n ofthela nd s uぬc epr opertiesin
the physic al m odel is e xpe ctedto be difrlC ult, a ndthe a c c u r a cy ofthe la nd c o v e r
cla s si丘c atio n willdeterior ate with in c re a s ein the n u mber of cla s s e s. T he refわr e
minim u m n u mbers ar e e stablished atthis stage, a nd mightbein c r e as ed hie r a rchic ally
withafわc u s o n o utc o m e s丘o mthe m odel.
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3. 鼠es 硯且七s a nd dis c Ⅶs sio n
Thela nd c o v e r cla ssific atio n m ap IS Sho w nin Figu r e2･ T hethr e sholdv alu e s ar e
deter min ed m a n ually u sing im age proces si ng S O氏w ar e･ Ac c o rding to the vis u al
interpr etatio n, n o n- v egetatio n, le s s- v egetatio n, ev ergr e e nfor e st, a nd do uble c ropped
agn c ultu r al丘eld ha v e r elativ ely bigb agr e e m e nts with e xistingland cov er m aps a nd
s atelite ba s ed cla s sific atio n m aps, tho ughthe categorie s of la nd c o v e rdo n ot fu lly
c o 汀e SpO ndedto e a chother. The s e c ategorie sha v edistin ct char a cteristic sin N D V Io r
r e凸e cta n c e･ 1ngle cr opped agn c ultu r al field is n ot s uf{1 Cie ntly dis crimin ated 丘om
gr a ssla nd, a nd itis o v er e stim ated e spe ciallyin the n orthe rn reg10n &om e aste rnSiberia
to n orthe aste rnC hin a
,
a nds o uthe rn r egion ar o und Xiz a ng(Tibet),Sichu a n, a ndQinghai
pr o vin c e s. In the s e r egio n s, the m ulti-te mpo ral m etric s ofgr a ssla nd a nd agric ultu r al
rleldu s ed inthis studysho wtheindistin ctiv e char a cteristics a s a r es ult ofthe similarity
in spe ctr alr ene cta n c einthetw ob andsla nd,(a ndthu s als oin ND V Ia ndphe n ology)･
Figtlre2･ Landc o v er cla s sifi c atio n m ap
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Are a s ofea ch la nd c o v er c ategory ar e c o mpared withthe e xistingla nd u s e m ap
”l
KM Grid Data ofland- u s e a nd la nd-c o v er of C hin a
' '
(C A S W). This m apis abo ut1 km
grid data ofla nd u s e a ndla nd cov e r of C bin ain1996･ The v alu e ofagrid in e v eryla nd
u s elaye ris aper c e ntage c o v er age ofthe la nd u sein the grid(1 km
2
), derived
&o ml:100, 00la nd- u s e v e ctor m ap of Chin a.
T he ar e a s of fiv ela nd u s e c ategories(fo r est, agricultu r al fleld, gr a s sla nd, le s s-
v egetatio n, a nd n o n
- v egetation)ar efigu r ed o utfor e a chprovin c eby aggr egatio n ofthe
grids and appr opriate c atego rie s ofe a ch m ap･ The r es ults ar e sho w nin Figu re3･ Good
c orr elation s o c c u rin for e st a nd n o n- v egetatio n, tho ugh cla s sific atio n res ult hasthe
tenden cyto o v e rstim ateielativ etothe C A SW data. In ca se ofagri c ultu r alfield, m o st
pr o vin c e s wher ethere are s m allar e as ofagric ultu r al flelds re s ulted in unde r9Stim atio n s･
In c ontr a st, gr a ssla nd sho w s c o u nte rtr e nd, thatis, pr o vin c es withs m allgra s sla nd ar e a s
ha v etrends ofover e stim atio n, butin pr ovin c e s withlargergr a ssla nd, u nde r estim atio n s･
comparis o n oftotal ar e a ofagricultur al fielda ndgr a s sla nd is sho wnin Figu r e3(i)I
Total ar e aha s m u ch better agr e e m e nt tha nindividu al c o mpa ris o n･ This might be
be c a u s e ofthedif[1 C ultyindis c rimin atingthe single c r op agric ultu r al field fr o m n atu r al
gras sland m e ntio n ed above･ To over c o m ethisin sufficie n cy lnPe rfo rm a n c e, utiliz atio n
ofaddito nalinfo rm atio n s u ch a s othertempor al m etric s,fin e r e s olutio n s atellite data,
a nd digitalele v atio n m odelis r e c o m m e nd d･ Thetu n lng Ofthethre sholdv alu e s wilbe
imple m e nted by m e a n s of T Ma nd E T M＋ data･ T he s ehigher r es olutio nim age ar e
ge o m etric ally o v e rlaid to the M O D IS im age, a nd fher distributio n of la nd u s eis
inte rpretedm a n u ally a nd s e mi
- a utom atic allytoget the appr opriatethr esholdv alu e s･
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4. Co 弧C且Ⅶs量o m
Thela nd c ov er clas sific atio n o v e rYello wRiv erba sin by m e a n sofsimplede cisio n
tr e e cla ssification m ethodu singM O D ISdataisde m o n str atedinthispaper･ This m ethod
is designedto c o ntr olthe cla ssific atio n r e s ultbytuning ofthr e sholdv alu es, a ndto be
appliedtothe m ulti-te mpor al m etric sthat repr e s ent the phe n ologic alchar a cteristic s of
the v egetatio n･ The cla s sification r e s ultsho wbasic ally go od agr e e m e nts with e xisting
la nd c o ver m ap, tho ugh c e rtain degr e e s of o v e re stim atio n or u nde re stim atio n are
e n cou nter ed. Thetu n ing Ofthethr e sholdvalu e s wo uldbeimple m e ntedby the aidof
fln e r es olutio n s atellitedata. Pote ntial ofthe addito n al datato get aro undthedifflC ulty
ofdis c rimin ating ofsingle cr oppedagric ultu r alfield &o m natu r al v egetatio n sho uldbe
in v e stigated.
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且. ‡m七訂OdⅦeせ畳o n
As ia
'
s c o ntinental wate rshed ru n sthr o ugh Mo ngolia, splittingthe c o u ntry
'
s m o r e
tha n 4,000 riv e rs a nd stre a m sinto thr e edrain age ba sin s. Ro ughly a qu arter of
Mo ngolia
'
s territo ry belo ngs to the Ar ctic dr ain age ba sin. This ar e ain clude sthe
Sele nge rive r w ate rshed which is a m ajortributary of Siberian
'
sfa m o u sLake Baikal
,
theShishkhed(west of監ho v sgoILake)and Bulga n riv e rs.
T he riv e rsin a s m alle r ar e ainn o rthe aste rnM ongolia m ake upthePa cifi cdr ain age
basin;in cludingthe On on, Uldz, K he rle n a nd 監balkhiin gotriv er s, which no w e ast via
Ru s sia's mightyAm u rRiv er.
The m ajo rity of Mo ngolia
'
ste血tory, ho w e v er, d ain sto n o o c e a n. In the no rthw est,
theba sin e nco mpas s esthedepre s sion ofthe Gr e atLake s,in cludingUv s, 批 arUs, K har,
and K hyarga slake s. In c e ntralMongolia,theba sinin cludesthe V aley ofthe Lake sin
the Gobiregi o n. T helakes, ri v e rs, Stre a m s, m ar she s, o a s e s a nd othe r w etla ndsin e a chof
the sixpre c edingn atu r alzo n e s s uppo rt their o w ndistin ctiv eno r a a nd fa u n a.
W etlandspr o vide c ru cial habitatforthe w aterfo wl a nd w ater-fr equ e ntingbirdsthat
m ake up a m ajority of Mo ngolia
'
s m igr atory bird spe cie s･ Espe cially I mporta nt tO
biodiv e rslty ar ethehuge re edy m arshe sbo rderinglake sintheShishkhed w ater sheda nd
in the Depre s sio nGr e atLake s a ndthedyna micno odplains ofMongolia
'
slarger riv ers･
.
1
T hougbtheyo c c upya relativelysm al ar e a of 也e c ollntry, rlpa rla n ar e asha v egre at
importa n c eto the n atio n. W etla nds ar eboth vitalto n o m adicliv e sto ckhu sbandry a nd
vuln e r abletoimpa cts ofbighc o n c e ntratio n s ofpe ople a nd a nim als n e ar w ate r･
2. M 如e ria且s a nd m ethods
Ou rinve stigatio nare ain lo c atedin the Shishkhed Riv e rValley ofthe Darkhad
† I
depre s sio n c e ntr ed at99
o 23 65 0カ e a st50
0
57 65 0
門
n or也 ･ S山dy the s u m mer sea s o n
斤o m Augu st2002toJuly2003. Inthe noodplain z o n e w e choo s e5 study ar e as, w hich
w e cla ssifiedby pla ntspe cle s. Ae rialphotogr aphs 丘o m e a chstudya r e a w er etak nbya
m oto rparaglide a nd C C Dc a m er a, OR Y N P U S C A M E DIA 25 00Lwhich ha s200, 00
pl X els re s olutio n. Du ringthe re s e arch w o rk, a erialphotographs w e r einte rpr eted with
gr o u ndpla nta ss o ciation u slngthe Ar cView 3･2a a ndOrim apacketprogr a m･
3. Re s e a r ch r e s Ⅶlts:
1
.
T he Shishkhid Riv erValley ha s3 type s of v egetatio n:for e st, steppe a nd
m e ado w. Inthispla c e w e cho s e5r e s e ar ch area s･ Thesein cludeds edge m e ado w,
steppe m e ado w , stipa steppe , mixed fore st, a nd for m atio n s(picture1)･
2. In s edge m e ado wform ations;hippu ris
- s edge, s edge
- c ala m agr o stis, sedge -
forb a ss ociatio n s a nd sim ulate syello wgre e n c olo rdo min ated･ The c e nter ofthe
s edge m e ado wfor m atio n sha s w ater, which is sho wninblack･
3･ In steppe meado w fo r m atio n s;kobresia - s edge, s edge - gr as s, gr a s s- fo rb,
bu sb - da siphora a ss ociatio n s a ndsim ulate sge n er algr e e n c olo rdo min ated･
4. In stlPa - Steppe form atio n; elym u s
- stlPa, gr a ss- fo rb, gr as s- a rtemisia
a ss o ciatio n s a ndsim ulate sgr ey c olordo min ated･
4 5
5. In-mix.ed fo r e st fわr m atio n; 1a rix
- bu sh, bu sh - dasiphor a a s s o ciatio n s
do min ated.
Tab且e1 - S ho w sdo miha ntdo spe cie s
Ar e a Spe cie s
Sedge 1. Hippuris v ulgaris
m e ado w 2. Car e x r o str ata
3. Car e x c a e spito s a/3 a X a aP/
4. Be ckm ania
5. Agr o stis
6. Cala m agr o stis eplgelOS
7. Pota m ogeto n
8. Polygo nu m vivIPa ru m
9･ Sa ngu lS O rba offic n alis
10. V icia cr a c c a
ll, Kobre siaBellardii
12. Salix
13. Pedic ularis rube ns/AO B O H月3 3P/
Steppe 1. Car e x
m e ado w 2. Kobr e siaBellardii
3. Pa ma siapalu stris
4. Cirs u m
5. Pote ntila a n s erin a
6. Pote ntillade albata
7. Pote ntillabifuric a
8. Sa ngulS Orba ofrlCin alis
9. Thalictru m
10. Ta r a x a c u m
ll. Sile n e repens
12. Galiu m v e ru m
13. Ge ntia n adec u mbe n s
14. Elym u sdahuric u s
15. Arte misia
16. Ko ele ria m ac r a ntha
17. Cala m agr o stis eplgel O S
Stipa 1. Elym u s se c alin u s
Steppe 2. Arte misia丘igida
3. Arte misiabo re ale
4. Hete r opappu sbie n nis
5. Pote ntilla a c u alis
6. Pote ntillabi fur c a
7. Aste r alpinu s
8. Le o ntopodiu m o chr ole u c u m
9. Ephedr a m o n o spe rm a
10. A mblyn otu s
ll. T halictru m min u s
12. Buple u ru m s c o r z o n eri flia
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13･ 0Ⅹytr opisglabr a
14. Kobr e siaBellardii
15･ Heter opappu sbie n nis
16. Stipa
17･ Agr opyr o n cristata
M ix ed 1. LariⅩ sibiric a
fo r e st 2. Salix
3. Dasiphor af山tic o s a
4･ Pedic ularis re s upin ata
5. Ptilagr ostis ln O ngOlic a
6. An e m o n e sylv estris
7. Sa ngu lS Orba offic n alis
8. Equis etu m a rv e n s e
9. Pote ntilla a n s erin a
10. Ge ntia n ade c u mbe n s
4. Co m clu sio m s
且｡ Tho ughthey occ upya relativ elys m allar e a ofthe c o u ntry, riparia n a re asha v egr e at
impo rta n c eto the n atio n. W etl皿ds ar ebo仇 vitalto n o m adicliv e sto ckhu sba ndry
a nd vu1n er able to impa cts of high c o n c e ntratio n s of pe ople a nd a nim als. T he
flo odplain pla nt a ss o ciatio n a nd fo r m atio n c o nditio n sin partic ular s e a s o n s ofthe
ye ar a ndtheirgrowthdyna mis m a re v ery s s e ntial in e c olgic ala s s e ss m e nt ofthe
r egl O n･ Espe cially in wide ar e as of res e arch, a erial photogtaphy applic atio n
pr o c edu r e s ar e u s efl. On the basis ofa erialphotogr aphy, w einterpr eted diffTer ent
kinds of pla nts in the 凸o odplain z o n e of the Shishkhed Riv er. The a erial
photogr aphsglV e adiffe re ntc olo r sim ulatio n?c c ordingtothe s oilte mper atu r e a nd
m oistu redistributio n.
2･ In the futu r e
,
applic atio n ofa erialphotogr aphy with a ctu algr o u nd interpr etatio n of
pla nt will bec o m e o n e oftheprio rityr e s e ar ch s ubje ctsintheDarkhad Depr e s sio n.
4 7
Figu r e1 Vegetatio ntype s
A:Sedge m e ado w
B:Steppe m e ado w
C:Stipa steppe
D: Mix ed fo r e st
ReEe r e n c es
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2.Da sh D. M o ngolomi ila ndsha允
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4.T he r es e ar ch Paper s of Darhadyn Wetla nd in Mo ngolia･ Japa n･ , 2004
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A bstr a ct
An attemptha sbe e n m adeinthis studyto delin e ate 仇e char a cteristic sorspe ctral
sign atu r e s of vegetatio nin te - s of v ario u s v egtatio nindic e s(V Is), partic ularly
theNo r m aliz ed D iffe re n c eVegetatio n Inde x (N D VI), Modified Soil A djusted
Vegetatio nInde x2(M S A V I2)and Enha n c ed Vegetation Inde x(E V I)to m ami fe st their
abilityto dis crimin ate v egetatio nbio m a s s o v e r alarge ar e a. M ulti-te mpor al SP O T-4
VEGE T ATION data &om 1998to 2002ha v ebe e n u s ed fo rthe a n alysis. The
c o rr elatio n sbetw e e nthe v egetatio nindice s obs er v ed at v ario u sdegr e e s oFv egetatio n
c o v er age du ringdiffer e nt stage s ofgr o wth w e re ex a min ed. Allofthe V Isha v e sho*n
qu alitativ e relatio n shipsto v ariatio n sin v egetatio n. Appare ntly,the ND V Ia nd M S A V I2
ar ehighlyc o rr elatedfo r allofthete mpo r alcha nge s, repre s e nti ngthediffer e ntstage s of
phe n ology.
Keyw o rds:Vegetatio nIndic e s, Vegetatio ndyn a mic, a nd Mo ngolia
l
i. Int‡･odtl Ction
V Is areindic ato rs ofspe ctr altr a n sfo r m atio n s oftw o or m o re ba nds
■
of satellite-
derived data
,
e mployedto. e nha n c ethe c o ntributio n of v egetatio npr opertie s. They
pro vide re as o n able a nd r eliableinte r- c o mparis o n s ofspatiala ndte mpor al infor m atio n
ofterr e strialphotosyntbetic a ctivity and c a n opystm ctu r alvariatio n s o v e r a wide r a nge
ofe mplrl C alobs e r v atio n s. In v e stigatio n sha v e sho w nthat the u s e of V Isishighly us efu l
in de cipheringthe char a cte ristics ofphe n ologlC al stage s ofv egetatio n. T he s e a s o n al
v ariability ofthe v egetatio ndyn a mic s c a n e stim atede a sily withthe a v ailability of也e
pr e s e ntdataba s e allo w ingfTor a ration alc orr elatio n withthe emplrlC al obs e rv atio n and
controling orbio-ge o-physicalpara m ete rs. The m o st ofthe VIs ar e c alledbroadband
V Isbe c a u s ethey ar eba s ed o n algebr aic c o mbin atio n s ofrefle cta n c einthe red aridthe
n e a rin&ar edspe ctr al ba nds(Ba n n ari, 1995). The se algebr aic c o mbin atio n s ar ed sign ed
to minimiz ethe effe ct ofe xte rn alinnu e n c e s s u ch as s olarirradia nce cha nge sdu etothe
atm o sphe ric effect o rv ariationsin soil ba ckgr o u nd optlC alpr ope rtie s o nthe v egetatio n
c a n opyspe ctr alr e spo n s e. VIsis c alc ulated ba s ed o nthe v ario u sfun ctio n s a nd r ole s
played bythe v egetativ e cov erin r ega rdstodegr adatio npro c e ss e s.
In this study, w e atte mptedto delin e ate the characte ristics ofthe spectr alsign atu re s
of v egetatio nin te n s ofthe abo v eVIs, s uch a sN D VI, MSA V I2a nd EV Ia ndto
m a nife st their abiltytodis crimin ate v egetatio nbio m a s s o v er alarge ar e a. We e xplored
m ulti-te mporalSP O T-4 V E G E T A TIO N(V G T)datafo rthe analysis.
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2. Siudy免F e a
Ou r e xpe rim e nt w as c o ndu cted in grassla nd ar e a of Mo ngolia, which is
ge ographic allylo c ated betw e en 41
o35'N to 52oO9'N a nd87o44
'
Eto 123oOO'E. Total
ar e ais1
,
565
,000 km
2
･ T hete rrito ry of Mo ngoliais divided into sev e r alnatural z o n e s
s u ch as m o u ntain
, m o u ntain steppe, plain
-
steppe, des ert steppe a ndthe Gobi-de s e rt.
M ountain steppe, plain steppe a nd des ert step pe arethe m ost significant and large fo r
liv e sto ck a ndagrl C ult∬e.
T he clim ate ofc o u ntrylS Char acteriz ed bysho rt, dry s u m m e r a nd lo ng cold winter
s e a s o n･ The m e a na 皿 u alpr e cipitatio nis200-300m m･ The gr o w ing S e as o nla sts 丘
･
om
end of Maytothe e nd of Ang山st.
3. Data
1) M ulti-tempo r a丑S P O 甘-4 V G Ts e n s o rdata
V G T-SIOdata fr o m April 1, 1998to Septe mbe r 21, 20 2(tim e s erie s of
obs er vatio n s)･ The VGT s e n sorbelongsto a n e wge n er atio n ofspa c e-bo rn e optic al
s e n s o rsthat w e r ede sign ed fo r mainly obs e rv ation s of v egetatio n a nd la nd s urfa c e s
(Saint, 2 000).
2) Gr o tlnd tr Ⅶth
Biom a ss m e a s u r e m e ntisdtermin edby c utti ng allthe gr as sin side a n a re a oflm
2
.
The w etgr a s sw eight, dry gr as s w eighta ndgr a ssheight w e r e m e as u r ed･ Inthis study,
w e u s edbio m a s s m ea s u re m e ntdata 鮎 m middle of Ju n e1998to middle of Septe mber
2001･ P rio rto s a mpling, we dete rmin edthe nu mbe r ofs a mples n e c e ss aryto dete ct
differ encesinv egetatio nindic e s･ 17s a mplepoints W e r e adequ ate foral1the v egetatio n
indic e s e x a min ed:
@ 2 points fr o m m o u ntai steppe, whichis widespr e adin ce ntr al, n o rth a nd
w e ste m r egi o n s Or Mo ngolia a nd
｢
u s u aly ha sdark br o w n a nd br o w n s oil.
Co m m o ngr ass e sin this a r e a reF･ lene n sis, F sibiric a, Poly go n um
angustljbliu m, Colu ria ge odes, Cr oss ularia a cic ula ris a nd Pentaphylloides
fruticos a.
o 10points 丘o mplain steppe, which is abu nda ntbetw e e nthe s m allm o untain
a nd v alleys･ T hepre v ailingherbs a ndpla ntsinthis ar e a ar eStlPa c apillata, S.
declbie n s, S･ gra ndis, Cleistogen es quarros.
o 5points 鮎 m de s ertsteppe, which islo c ated inthe s o utbe m s e ctio nM o ngolia･
Soil isgr ey-br o w n a nd de s e rtsteppebr o v n withpebbles. Pla nts abu nda ntin
this ar e a ar eStlba gobica, S･ gla re osa, Cleistogen es squ ar ros a, S. klem en zii
a nd C･ s ongo ric a, andle s s abu nda nt plants ar eKo chio prostrate, Alliu m
polyr rhizu m a nd A･ mo ngolicu m･
4･ M ethodology
4.1 Vegetatio nindic e s
ND V I
,
M S A V I2a nd EV Iw er e c al ulated fbr e a chofthe VGT-S10pr odu cts.
1･ ND V Iis a n o m aliz edr atio oftbeN IRa ndredba nds;.
N D VI=
NIR- Red
NIR＋Red
(1)
2･ Hu ete(To m o akiMiu r a, 2001)sugge steda n e w v egetatio nind由 which w a sde sign ed
to mini miz ethe effe ct ofthe s oilba ckgro u nd, which he c alled the s oil- adju sted
v egetatio n inde x(S A V I)･ Huete (1988) de veloped a n ite rated v ersio n ofthis
v egetation wbicb is c alledM S A V I2:
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M S A VI2=
2 N IR＋l - (2 N ZR＋1)
2
- 8(N IB- Red
2
(2)
3. EVI w a sde v elopedto optl miz e也e v egetation signal withimpr o v ed s e n sitivityfわr
bigb bio m a s s r egl O n S a ndimpr o v ed m o nitoringtbr o ugb
ba ckgro u ndsign ala nd redu ctionin atm o sphe ricinnu enc e s.
E VI= G
N IR- Red
NIR＋ CIRed - C2Blu e＋L
de-c o upling ofthe c a n opy
(3)
whe r eL isthe c a n opyba ckgr o undadjustm e nt that addre s s e s n o nlin e ar, differ e ntial N IR
and Red r adian tr a n sferthro ugh a ca n opy, and Cl, C2a re.the c o efflCie nts ofthe
aer o s olresista n c ete r m, which u s e stheblu ebandto c orre ct the a er o s ol innuenc es of
the redba nd. The c o ef{lCie nts adopted intheE V Ialgorithm are, L-I, Cl- 6, C2
- 7.5
,
and G(gainfa cto r)-2.5( Qi,1994, Hu ete, 1994)
4.2 An a且ys畳s
Relatio n ships betw e e n v egetatio n indic e s a nd obs er v ed at v ario u sdegr e e of
v egetatio n c o v e r age during their diffe re nt stage s of gr o wth w e re a n alyz ed u si ng
regr e ssio n analys e s. T he relatio n shipsbetw e e nVIs a nd bio m a ss w e r ein v e stigated u sl ng
gr o u nd m e a s ur em entdata. The a c c u racy ofthe e stim atedbiomassby v egetatio ninde x
w a sm ea s ured uslng a Sta nda rderr or ore stim ate, S E;
SE=
〃
去貰(9i - γi)
2
(4)
wher e9L･ a nd yl ar ethe predicteda ndgr o u nd m e a s u r ed v alu e of bio m a ss r e sp ctiv ely,
a nd Nthe n u mber ofs a mple s. Se n sitivity a n alysis C O n Sistsin c o mputingderiv ativ e s of
o n e o r m or equ a ntitie s(o utplユtS)with re spe ctto o n e o r sever al indepe nde nt variable s
(inputs)I T he s e n sitivity ofv egetatio nindic e sto v egetatio nde n sity w asev alu ated u sin
.
g
finite-differe n c es m ethod: Finite-differe n c e s m ethod fo r s e n sitivity apalysis IS
calculateda sfollow s;
藍 ,s∠吐上里二∠吐う
dx:i h
＋ 0(h) (5)
whe reh isthefinite-diffe r e n c einte rv al
,
thetru n c atio n e rr oris 0(h), and he n c ethisis
a first- order appr o xim ation a nd f(xi ＋h), f(x,･).is the v alu e of fun ctio n at Xi a nd
xi ＋h points･
5. Re s Ⅶlts
Vegetatio nindic e s
■
were calc ulated 丘o m SP O T-4 Vegetatio n data of Aprilto
Septe mberfr o m198to2002a ndrelatio n ships a c r o s sthe v a rio u sVIsbetw e e nindic e s
for e a ch 10 days e rie s w er einve stigated. In the e arlystages ofthegrow lng S e as o n, E V I
isle ss c orrelatedtothe N D V Ia nd M S A VI2. Appar e ntly, the N D V Ia nd M S A V I2a re
highly c o rr elated for allofthe te mpor al cha nge s a nd in diffe r e nt n atu r al z o n e s･
Corr elatio n c oeffic ents betw e e nvegetatio nindic e sfor study are a ar e sho wn in the
tablel.
T he relatio n shipsbetw e e nbio m as s a nd each vegetatio ninde xfo r e a chn atu r alz orle
are sho wninfigu res1, 2, a nd 3. Equ atio n s(6),(7)and(8)giv e e mpiricalrelationships
betw e e nbio mas s a nd v egetatio nindic e sfo r m o u ntain steppe, plain steppe a nd de s ert
steppe,r e spe ctiv ely.
5 1
甘ab且e1 Corr elatio n c o efficientsbetw e e n v egetatio nindic e s studyar e a
du ringthegro wingS e a s o n
E V I 皮 M S A VI2 E V I & N DV I M S A V I2& N D VI
April
0.55 0.58 0.98
May O･88 0･91 0･98
Ju n e 0.96 0.91 0.98
July O･96 0198 0･99
Augu st ･ 0･94 0･97 0･98
Se te mber 0.91 0.96 0.98
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Figtlre1 T he relatio nbetw e e nbio m a s s(g/m2)andvegetatio n
indic esin m o u ntain steppe
Table2 Co rr elatio n c o effic e ntsbetw e e n e a ch vegetatio ninde x a nd
bio m a ssindiffer entn atu r alz o n e s
Na山r algr a s sla nd z o n e E VI M S A V I2 N D V I
Mo u ntain steppe
Plain steppe
Desertsteppe
0.64 0.53 0.53
0.65 0.5 9 0.56
0.48 0.50 0.41
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Figur e2. The r elatio nshipbetw e en bio m as s(g/m2)andv egetatio njndic esinplain
steppe
ln m o u ntain steppe a ndplain steppe z o n eE V Ia ndbio m as s ar e c orr elated btte rtha nthe
otherindic e s. The bio m as s a nd E V Iare e xpo n e ntially r elated; as v egetation inde x
in cre a s es
,
bio m as sbe c o m e s s atu r ated. M S A V I2a nd biom apss ar e c orr elated w ell in
de s ert steppe z o n e･ Table 2 sho w sthe c o rr elatio n c o effic e nt fo rthe r elatio n ships
betw e e nbio m a s s a nd v egetationindic e sfo rdiffer e ntz o n e singr o w ing S e a S O n･ I de s e rt
steppe z one, MSA V I2w asbetter c o rr elatedtobio m a s s･ T he sta ndard e rro rofestim ate
forbiom a ssinthediffe r e ntgr a s sla nd z o n e sfo rallv egetatio nindic esis sho wnin table3･
Table 3Sta ndarderr or ofe stim ates of bio m assfo r v ario u s v eg tatio n
indic esindiffere ntn atu ralzo n es
Natu r algr a s sla nd z o n e E VI M S A VI2 ND VI
Mo u ntain steppe
Plain steppe
De s e rtsteppe
7.64 11.70 14.47
17.56 13.45 13.5 7
6.68 9.48 5.47
53
68
○
bio m a s s= 4.4 088e
O･0 15E VI
bio m a s s= 0.0 007e
O･1 7 5 2M SA W2
bio m a s s=1.7528e
O
･O1 71N DVI
(6)
bio m a s s= 7.7796e
O･0 12 6 E VI
bio m a s s- 0･0 091e
O･13 5 0 MSA m
(7)
bio m a s s= 0.7714e
O･02 1 3 N D T']
bio m a s s= 0.1407e
O･047EVI
bio m a s s- 2 E- 0 6e
O･26 8 2 M S AVI 2
(8)
biom a s = 0.0017e
O･05 3 7 NDVI
T hepurpo s e ofthe se n sitivity a n alysis w a sto de m o n str ate the s e n sitivity orthe VIsto
v egetatio nde n sity･ In this study, s e n sitivity ofv egetatio nindic e sto v egetatio nde n sity
is e v alu ated in diffe re nt z o n e s s epa r ately. The s e n sitivityre s ults ar e sho w nin figu r e4･
In des ertsteppe z o n eMSA V I2 is m or e s e n sitiv eto v egetatio nde n sity･ In plain steppe
z o n e s eIISitivities ofthe vegetationindic e s ar e similar. In m o u ntain steppeE VI is m o r e
s e n sitiv eto v egetatio nden sity.
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6. C⑳m c且弧S畳o ms
T he objective ofthis study w asto e x amin ethe r elatio nships betw e e n v egetatio n
indic e s
,
to c o mpar e v eg tatio nindic e sto m a nife st their abiltyto e stim ate v egetatio n
bio m a ss･ The r es ults sho wthatin Mo ngolia nde s ert steppe z o n eMSA V I2 isthebest,
whilein m o u ntain steppe a ndplain steppe z o n eE VI isfわu ndto dis crimin atebio m a s s
w ell･ E V 甘w a sthe m o r es ensitivetohighv egetatio nde n sity.
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A bstr a ct
Sn o w c o v er ag m ap IS O n e Ofthe s o u rc e s of info rm atio nforliv e stock a nd hu m a n
a ctivities･ T he studyaim edatdeter m l nl ngthe r elativ epr opo rtio n s ofs n o w c o v er ag a nd
othe r c o mpo nentsin a mix edpix el･ Fo rthispu rpo s e alin e arm lX lng m odel w a sus edfo r
s n o w c o v e r ag m applngin Mo ngolia･ In this pape r, rene ctiv eba nds I a nd 2ofthe
Moder ate Re s olutio nlm aging Spe ctr or adio m et r(M O D IS)/T E R R As atellite data Ⅶ･as
usedto m apthre ela nd c o mpon e nts･ M O D IS data m ay greatly e nha n c ethe oper ation al
s u c c e s s ofs atelliteba s edsno w c o v erage m o nitoring' lnPr o viding m ulti-spe ctr al data o n
par a m ete rs ofthe en vir o n m e nt.
1. Ⅰntr odⅦctio m
To obtain kn o wledge ofbo w snow c o v er age is sc a仕er ed within Mo ngolia, itis
n e c e s s ary to u s erem otely s e n s ed data･ Lack orto ols a nd m ethods to m an age a nd
m o nitor s n o w c o v er agein large ar e ais apr oble m･ Lin e ar m lX lng m odelpre vio u sly
de v eloped is appliedtd the study ar e ato ge n er ate r egi o n ale stim ate s ofs n ow c o v er age
a nd otherkmd･c o mpo n e nts o v e rM o喝 01ia･ Sn o w c o v erag plays a c n lCialr oleinthis
ar e a･ M ain type s ofs n o w c o v er ag cha nge inthe study ar e a ar e c odv er sio n sbetw e e n
for e st a ndsteppe, steppe a ndGobi･
Re c e ntly, r e m ote s e n sl ng te chnologyha sbe e n a n efficient a nd helpfu lto olto
m o nito rs n o w c over age a ndpla ntatio ninlarge are a･ Re m ote s e n s lngte chn ologyba島
c apabilityto monito r a ndu ndersta nd ho w e xisti喝 S n O W C O V e r ag ar e as ar epr e s entedo n
thegr o u nde spe cialyfopthe sno w c o v er age e stim atio ninthe studya r e a s. Thisindic ate s
that ide ntific atio n and m applng S n o w C O V er ag reimpo rta nt to m a n age a ctu al
infわ- atio n abo uts n o w c o v er ag m apinde v elopl ngC O u ntrie s s u ch a sin Mo ngolia･
2･ Studya r e a, s now data
The studyar e aislo c ated inincluding Mo ngolia nge n er aln atu r alz o n es, within40
o
-
53
0
N a nd 90
o
-117
o
E.
T hePre cipitatio nislo win winte rtim e ofye arbe c a u s einwinterdo min ate s w e ather
c o ndit o n of a nticyclo n eo v erMo ngolia n region. (Only 10 to 15 % &o m a n n u al
pre cipitatio n)In Mo ngolia w e u s es n o w ruler a nd doing m e a s u r e m e nt ofs n ow c over.
Butitis diffic ult to deter min ere als n o w cove rdepe nding o nthe r eliefa nd la nd, riv er,
a ndpopulation den sity･(B.Ja mbaaja mts1989)ForMo ngolia, w e u s ed s n o w c o v er a nd
depth m aps &o mInstitute of Mete or ol gya nd Hydr ology(IM H)･ T he s n o w c o v er
.
a nd
depth m aps 丘o m I M Har ebas ed o n syn optic m e a s u r e m e nts a s w ell as v is u al
interpr etatio n of M O D IS im age s･
Inthis s山dy, M O DIS/T E R R A data of 19tb Ja n u a ry2 004w er e u sed･ Thisim age w as
pro c e s s edatle v el lb(ⅢD Ffb- atdataprqje cted o nGe ogr aphy, W G S 84syste m)by
也e 巴O S Data Gate w ay, La nd Pr o c e ssDistributed Activ eAr chiv eCe nter(L P D A A C)
ofN A S A.
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3･ 朋 如hod 抽唱y
This r e s e ar ch applied lin e ar m l X lng m odel ba s ed o n Optimiz atio n Methods
(Ts olm o n2 000)toge n erate 舟a ctio nim age s愈o mthe M O D ⅠS data. Theba sic co n c eptof
the spe ctr al Lin ear Mixing Model喝pre S S ed inequ atio n1. Itestim ate sthepr opo rtio n of
e a ch c o mpo n e ntin apixel by minimizingthe s u m ofsqu ar es ofer r or s(equ atio n2)with
c o n str aints(equ a土io n3).
Rl - al lXl ＋ a12X2 ＋A ＋ alnXn ＋ el
R2 = a2 1Xl ＋ a22X2 ＋A ＋ a2,,Xn ＋ e2
(1)
R
m
= a
mlXl ＋ a m2X2 ＋A ＋ a m nxn ＋ em
u s e sthe Constrain ed Lea st Squ ar es Method which e stim ate sthe pr oportio n of e ach
c o mpo n e ntin apix elby minimizingthe s u m ofsqu ar e s oferr ors(2)withc o n str aint(3)
f(x)-芝e2L･ -芝(R･ -主al,Xj)2 → min, (2)
l=I L=1 j=1
s ubje ct to :
xl ＋ X2 ＋ X3 ＋K xn - 1,
xl ≧0, x2 ≧0, x3 ≧0･ ･ ･ x n ≧ 0,
(3)
whe r eR
L
･
1S m e a s u r eds atellite s e n s or r e spo n efo r api x el in spe ctr alba nd i, aljlS spe ctr al
r e spo n s e ofmixtu r e compo n e nt,j,forspe ctr al ba nd i. Re s ults ofn u m e ric al m ethod w e r e
u s ed fo rthe m appi ng Of &a ctio nim age s･
The appr o a ch is u s u allykn o w n a sM ixtu re Modeling, with limiteda m o u nt of w orks
de v otedtothe s ubje ctin r e m ote s e n singlite r atur e. Se v e r alte chniqu e s(Smithetal. 1985,
Shim abuku r o1987)to s olv ethe mixtu r epr oble mhavebe e n appliedto a n u mber offin e
spatial r es olutions data s ets fr o m Multispe ctral Sc an ner Syste m (M S S); The m atic
M apper (TM) data(Ada m s a nd A da m s1 984, Shim abuku r o1987); a nd A V IRIS
(A irbo rn eVisible/Infrar ed lm agingSpe ctro m eter)data(Gille spie et al.1990). The first
fo u rA V H R Rcha n n els w er e u s ed by Cr o ss etal.(1991)to diffe re ntiatetropic al fo r est
from n o n-fo r e st
,
withs atisfa ctoryr e s ults c o mparedtoE T M＋im age s.
4. Ap pr o a ch
Thelin e armixtu re m odel ba sed on Optimizatio n Methodu sing Constr ained Le ast
Squ a res Method w as appliedto the M O D IS/T E R R As atellite data a cquired on 19
Ja n u a ry2004･ M O D IScha n n elsyello w-r ed(620. - 6 70. n m)a nd N IR(841.0 - 876.0
n m)w e re u s ed･ Thethr e e c o mpo nentsdefln ed fo rthe M O D IS data s et, n a m ely:forest-
m ountain s now, Gobi- steppe sno w and la nd. Figu r elilu str ates c o n c eptu ally ho wthe
Optimiz atio nM ethod oflin e ar m l Xlng m odele stim ates s n o w- c ove r丘a ctio nfor api x el
a ndtru e c olo rim age s(RGB)ofM O DIS/T E R R Acha n n els1 a nd2. Confusion m atric es
w e r e u s ed to v alidate the a c c u r a cy ofthe m ethod. Ac c u r a cie s wer edeter min ed
e mpiric ally, by s ele cting s a mple s ofpix els 舟o mthethem atic m ap a nd che ckingtheir
labels again stclas sesdete rmin ed&o m r ef r e n c edataim agefo rboththe site s. Stratljied
r andom s ampling w a s cho s e n a sthe sampling･m ethod fo r a c c u r a cy-ss e s s m e nt. The
o v er all 8 0･78 % fo rthe M O D IS 丘actio nim age s, r e spectiv ely, a nd w e r e a chie v edby
takingthe a v er age oftheper c e ntage s ofc orr e ctcla ssificatio n s.
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Fo re sモー m o u r舶in
耳r u e c ⑳加 im aig¢甲官M O田帽
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Figu r e且･ Fr a ctionim ages ofthre e e nd- m ember s
5. 汲cs ults a nd Dis c u s sio n
Cla ssific atio n r es ultsindic atethatpin e c a nbe clas sified withan
l
a c c eptable a c c u r a cy･
T he s n o w c o v e r丘･actio nim age s e e ms to be u s efu l for s n o w c o v e r ag m ap sin c eit
c o ntain s c ove rper c entage sinfo rm atio n abo utfor estpr oportio n withinthe pIXels･ The
pr o c edure pr odu c ed m aps sho w lng Per C e ntage S Of c o mpo n ents within plX els ofsize
250m(forM O D IS)･ The o utput&a ctio ni
.
m age s w;re c o mpar ed with 10-day c o mpo site
the s n o w m ap &o mI M Ha ndtru e c olorIm ages(R G B)of M O D IS. Applic atio n ofthe
m ethodto higher re solutio ndata to te stits pote ntial w a shinder ed byla ck ofhigh-
r es olutio ndata s ets･ Fu rthe r work sho uldte st the r obu stn es s ofthe appr o a ch, whe n
appliedto la rge ar e a sby u sing m ulti-te mpo r al datato dete ct e nvir o n m e ntal cha nges
r es ulting 丘
･
o m a nthropoge nic a ctivity･ The m ain pr oble min m o nito ring w a s clo uds.
The studyhadconsider ed n ot o nlythefo r e stc o v e r co mpo n e ntsbut als o cloud a s c o v er
c ompo n e nts･ The adv a ntage of&a ctio nim agesisthat theyc o ntainphysic al info rm atio n
s u ch a s a m ountofe a chc o mpo n e nt withintheplX el･
Aekn ow且edgm e nts
The a uthors ar egr atefulto E OS Gate w ay of LP DA A C/N A S A fo r sup plying
M O DIS/T E R R A Le v el 1bdata･ W e als o w o uld liketotba血 In stitute of Mete orology
a ndHydr ologyfo rtheir as sita n c eincolle cting gr o u ndtruth data.
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A bstr a ct
Thispaper e xploresthe pote ntialofa ne wlyde v eloped spatials egm entatio nba s ed
o nLo c alBin a ryPatte r nfo rge ologic alu nitide ntiFI C ation･ Spatialho m oge n eityofpix els
plays animporta nt r olein spatials egm entatio n･ In this study, ho m oge n eltyis defhed
u slngthe c o n c ept ortextur e･ T hisle adstothe Lo c al Bin aryPa伽 m Oper ato r, bas ed o n a
r otation in v a ria nt te xture m odel･ Multiv ariate ca s e of this appr o a ch helps in spatial
s egm e ntatio n with a r e as onably go od perfo rm a n c efo rinfo r m atio n e xtr a ctio n.
Segm e ntation ha sbe e n c a 汀ied o ut o nr e m otelys e n s ed im ages丘
･
o m La nds atT M a nd
Asterforthe So uthe m M o ngolia n aridregl O n･ Appr opriate ba nd c o mbin ations fo r
m ultiv a riate Lo c al Bin aryPatte mha v ebe e n u sed in delin e atlng ge Ologl C alu nits ofthe
r egl O n･
Clo s est Dista n c eMetric
,
a n edge validatio n algo rithm ha sbe en imple m e nted. It
血dspo ssible matchings betw e e ntw oim agesin relatio nto dista n c e sbetw e e nedges･
Segm e nted im age shavebe e n a s se s sed u sl ngr efere n c edatafro m age ologi c al m ap･ The
algorithm is highly s e n sitiv efor o v er-s egm e ntatio n, which le ads to alo w similarity
v alu e･ Ho w e v er
,
a n other ac c u r a cy m e a s u r e, Bo u ndary FitInde x r es ults in 52% of
bo u ndary fltting･ It sho w sthatim age s egm e ntatio nif done properly c o uld impr ove
ge ologic alm 叩S.
､
Keyw o rds
Segm e ntation, Local Bipa ryPatte rn, E dge Matchipg, Ge ologic alu nit
1. In由･odⅦctio m
T he applic atio n ofr e m ote s e nsl ng fo rge ologlC al m applng a nd/o r e xploratio nin
Mo ngolia ha sbe e n r apidly ln Cr e aSlng du ringthela st de c ade･ An e xpla n atio nis the
a v ailabilitya nda c c e s sibilityofs atelliteim age s with highspatiala ndspe ctr alre s olutio n,
togethe r with R Sa nd GIS to ols･ Re m ote s e n slng te chniqu es are highly us efu 1 for
m applnglarge a nd r e m ote ar eas in which c olle ctio n ofgr o u nd obs e rv ation is v ery
diffic ult･ On the otherha nd
,
be c a use of geogr aphic al a nd politc al re as o n s, the
ge ologlC al pr e s e r v atio nis in ago od c o nditio nin M o ngolia･ Fo r e x a mple, steppe
o utc r ops ar e, at the m o m e nt, v ery w ellpr e s e rv ed in Mo ngolia,in c o ntr astto m a ny other
c o u ntrie s･ Mo ngoliais o n eofthelarge st c o u ntrie sinthe w orldinter m s ofitsterritory･
T histerritory lSge ologic ally n otstudied v ery w ell, a ndha s o nly partiallybe e n studied
in detail･ Efficie nt ge ologl C al m appl ng a nd e xplo r ation requ lr e Side ntific atio n of
ge ologlC al u nits fro m s atelliteim age s･ This c an be vie w ed as asegm entatio npr o c e ss
that take sinto a c c o u nt the spe ctr al a ndspatialchar a cteristic s ofa nim age･ As s e s s m e nt
of s egm e ntatio n re s ult willbe c a rried out on both La nds at T M a nd Asterim ages
s egm entatio n r es ults･ Anilu str atio nistake ninthe s o utbe m Mongolia n arida re a. The
pape ris o rga nized as follo w s･ The m ethodology, m ultiv ariate Lo c al Bin a ry Patte rn
oper ator, the s egm entation, and a v alidatio nte chniqu e;the Clo s e st Dista n c eMetricis
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describedinSe ctio n2. So m e･e xperim entalr e s ults a repr e s e ntedin Se ctio n3. Dis c u s sio n
isin cluded inSe ctio n4, a nd Se ctio n5 c o n clude s也epape r･
2･ 空相e地 odo且ogy
The study c o n sits ofthr e eparts. T he flr StPart C O ntain s s egm e ntatio n and edge
dete ction･ It c o n siders a s upe rvis ed s egm e ntatio n u sing m ultivariate Loc al Bin ary
Patte r n m e as u re m e ntsbas edo nba ndc o mbin atio n s of La nds atT Ma nd Asterim age rie s.
Fro mthe s e
,
edges a rede riv ed. The se c o ndpa rtc o n c e rn sgr o u ndtr uth data a s ref r e n c e
data･ Itha ndle s s el ctio n
,
digitiz atio n, a ndr a steriz atio n ofthe m atic data･ Thethirdpart
addr e s s e s
,
v alidatio nto a ss es s s egm ntatio n re s ults withedge c o mparis o ntechniqu es･
2･1 Te xtⅦr ebas eds egm e ntatio n
Typic ally, thete rm s egm e ntatio nde s cribesthepr o c e s s,both hu m a n a nda uto m atic,
thats epar ate s z o n es o r r egi o nsin a nim age sbo w l ngS O m e Chara cte ristic s withr espe ctto
a c ertain e v alu atio nfun ctio n[2]. The s e char acte ristic s c o uldbe, for e x a mple, similar
brightn e ss o r c olo r, ro ughn e s s, and te xtur e. Re c e nt studie s[8], [9] sho w that
c o mple m e ntaryinfor mation of lo calspatialpatte rn a nd c o ntr a st, which is c alledthe
Lo c al Bin ary Patte m(L B P), plays a nimpo rta nt role in textu r edis crimin atio n. Itis
s uppo rted by s o m e s山dies o nhu m a npe r c eptlO nthat a n alyz e sim age sin te n sof
obje cts with similar char a cte ristic s, in cludingte xture o rie ntatio n, c o ars e n e s s, and in
c o ntr a st to pe rc eptu allyimpo rta nt te xtu r al propertie s[9]. Lu cie e r et al. pr opo s ed a
m ultiv ariate e xte n sio n ofthe sta ndard u niv ariate lo c al bin ary patte m ope r ato rto
de s c ribe c olo rtextu re･ Segm e ntatio ndiffe rs&o m clas sific atio n, a s spatialc o ntiguityis
a n e xplicit go al of s egm e ntatio n wher e a sitis o nly implicit in cla ssiflC atio n[7].
Segm e ntatio nis 血e divisio n of a nim age into ho m oge n e o u s regl O n S O r C atego rie s,
which c o rre spo ndto differ e nt objects o rparts of objects. Pix elsin the s a m e c ategory
ha v esimila rgr ay s c ale?r m ultiv aria土e(spe ctr al)v alu e s o rbelo ngto a similarpa触 m
a nd fbm a c o n n e ctedr egl On.
Sin c ethe pl X el-by-pix el appr o a ch ign o r espote ntialy u s efulspatial info r m atio n
betw e e nplX els, objecトbas ed appro a chesha v ebe co m epopular withthein c r e a s e ofhigh
r e solutionim age ryln re m ote S e n Slng･ The spatial bo m ogenelty Ofpixelsplaysthe m o st
impo rta nt r olein spatials egm e ntatio n, a ndthisis widely u s ed in re m ote s e n sl ng･ In
c o ntr ast tothepl X eトbas ed appro ach, objects o r s egm e nts a r efor m ed be c a u s e oftheir
spatialc o 汀elatio n, n ot o nlybe c a u se oftheirtbe matic similarity･ Lu cie e r et al. u s ed a
top-do wn hier archicals egm e ntatio npr o c es s･ They m e ntio n ed it offe rs
丘a m e w ork fo r cla s sifyingim age r egio n sba s ed o ntextu re.
2.1.1 A 血tdtiv a riatete xtu r e m odel
a v ery s uitable
The L B Pcjte xtu re m e as u r egiv s atexturede s criptio?ofa singleba nd[7],[9]･ Du e
to the n e c e s sity ofu sing m ultipleba nds ofr e m ote s en sl ngim age s, Lu cie er et al. [7】,
pr opo s e a n e wte xtu re m e as u r eL B Pm c, ba s ed O n L B Pc+, de s c ribing c olor tex山re O r
te x山r einthr e eb皿 ds･ It c o n siders也e spatialinter actio n s ofpix els within n ot o nly one
ba nd,but als otheinte r a ctio n sbetw e e nba nds･ He n c e, the n eighbo rho od s etfo r aplX el
c o n sits ofthelocaln eighbo rsin all 血re eba nds.
･
T helo c althr e shold istake n丘om the s eba nds･ It m ake s up atotal ofnin ediffer e nt
c o mbin atio n s･ Thisgi v e sthefollo w lngOPeratO rfor alo c alc olo rte xturede s criptlO n :
TZb P-1
LB P
m c
- ∑∑s(g,･J - gc,A), (2･1)
j,k=l(=O
whe r enb isthe n u mbe r of ba nds
,
he renb-3, sis slgn fun ctio n of diffe re n c e ofthetw o
gr ay v alu e s, a nd su m m atio nis do n e o v e r也e di飽 rent ba nds･ A c e ntr al plX el in a
partic ularba nd is c o mpar ed withn eighborho odpix elsin althe diffe r e ntba nds. A total
of nin eL BPv alu e s(whe n, nb-3, where a nL B Pv alu eis c alc ulated based
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O nthe
thresholdofa c e nterpl X el in o n e oftheba nds with a set of Pn eighborsin o n e ofthe
ba nds)ar e obtain ed a nds u m m edto de riv eL B Pmc. Thehistogr a m ofL B Pm co c c u rr e n c e
is c o mputed over an im age o r a r egi o n Of a nim age, a nd de s cribes the binary c olo r
patte rnfe atur e･ It c o ntain sPx3
2
bin s
,
e･g･ , P-8 re s ults in 72 bin s. This m e as u reis
c ompleted withc o ntr asta nd v ariance,includingthe colo rhistogr a m, RGB-3 D. Ea ch8-
bitba ndis qu a ntiz ed into 3 2 le v els by dividingthe pix el v alu es by 8, r e s ultingl n a
three-dim e n sional histogra m with 32
3
e ntries.
G- statisticis u s ed a s a similarity m e a s u r efo rthe L B Pm c a nd RGB-3 D histogr a m･
The simila rity s u m ofthetw oG-statistic valu e sin thetop- do wnhier archic alsplitting
pr o c es s ofthe segm e ntatio n algo rithm to obtainim ageblo ckcla s slabels and u n c ertainty
v alu e sis applied･ Inte r est
.
edr e ade rsfo r m o redtailedinfo rm atio n r ef rr edto[7]. T hey
c o ncludedthat
,
o v e rall
,
the c olortextu r e oper atorsperfo rm w ell.
2･且･2 Segm e nせaiio n紬rge o且ogic altR 血i食畳de m☆i 鮎atio m
We areinte rested in s egm entatio nthat take sinto a c c o u nt the spe ctral a nd spatial
char a cteristic s ofthe gr o u nd in the r e m otely se n s ed im agery foride ntific atio n of
ge ologlC al u nits･ To do s o, m ultispectr al L B Ps egm e ntatio n w a s cho s e n, this w a s
be c a usethis ope r ato ris a ss u m edto hav ego odperfo rm a n c e o n segm entatio nbas ed o n
te xtu r e･ Toha v e m or einfor m atio n abo utge ologic alu nitsintheim age ry, diffe rentband
c o mbin atio n s ofLa ndsatTM a ndAstらrdata ar e e xplored a ndstudied. Fo rthe La nds at
T M data
,
ba ndsgl V lng m o reinfo rm atio n o nge ologlC alu nits ar eba nd7, 5, a nd 1. Inthis
study, ba nd c o mbin atio n7 a nd 5ar e us allytake n with o n e ofthe othe rba nds for
m ultiba nd segm e ntatio n･ Out of Asterba nds SWIRba nds ar e m or eint r e stingfb∫the
ge ologic alu nitide ntiflC atio n, whichr a nge sfro m l･60pm T2･43pm ･ T his r a ngefallsin
thequite similar a ndclo s er r a nge a sLa nds atT Mba nd 7, a nd 5.
2･且･3 De c o r r elatio n str etching
The de c orr elatio n str etch ha sfo u ndin cr e as ed u s age, prl m arily for m ultispe ctral
im agl ng Syste m sthatha v e clo s ely spa c ed cha n n els inthe spe ctr a
l
l r eg1 0 n, a ndthu s,
e xtr e m elyhighinte r- cha n n elc orrelatio n[2]. T hede c orr elatio n str etchr edu c e stheinter-
cbann elc o 汀elatio n a nd stretche sthedyn a mic r a ngetotbe 免1 1e xte nt, whiche nha n c e s
the c olor v ariatio n andimpr o v e vis u aliz atio nfor,rinte rpr etatio n[4],[3]. De c o rr elatio n
str etchis appliedtobo也 the La nds atT Ma ndAsterdata･ Itis e xpe ctedto gl V ehigher
a c c u r a cy segm e ntatio n
■
be c a use colo renha n c e m e ntisdo n e whichis a nimpo rta ntfa cto r
for multiv ariate L B Poper ato r･
2.2 E dge v a且idatio n- Clo s e st Dista n c eM etric
Sin c e w e obtain ed edge m aps 丘o m the s egm e ntatio n, appropri ate V alidatio n
te chniqu e s w er e adopedto as s e ssthe s egm e ntatio n re s ults･ W 白imple m e ntedtheClo se st
Distan c e叩etric(C D M)to a ss e s sthe similaritybetw e e n edgeim ages･
2･2･1 C D Malgo rithm
C D Mbuilds ao n e-to 1 0 n e m atchingbetw e e n edgepl X els obtainedbya s egm e ntatio n
a nd edge pix els ofthe refer e nce･ It allows s m allshi壬モs ofedgepl X els･ First, fo r e a ch
r efe re n c e edg pi x el, the s egm e nted im ageisin spectedtofin dpo ssible m atche swithin
n eighborho od s et of a n apr10 ri defl n ed windo w･ In this study, a5x5 windo w, with a
n eighborho odset of2pix elsin all dir e ctio n sistake n･ Forthe r efe r e nc e edgepix el, all
po s sible m atche sw 地inthe neigbborbo odinthe dete cted im age ar etake n a nd o rder ed
ba s edo nthe dista n c eto the r efe re n c e edg po sitio n･ Ifinthe orde ring a ne x a ct m atch
o c c u r s
,
i
･e ･ , at the s a m epo sitio n asthe edgepl X elin the r efe re n c eim age, ther eis an
edge plX el inthe detectedim age, w ethe n a sslgn a V alu e0tothat o rder. Ifw e fi nd a
m atch in o rtbogo n aln eighbo r sinthedista nce of1pix elthe nitis as sign ed a s al
St
o rde r.
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detected edgeforthe m atch ofthe r efer e n c e edg plXel･
The r e a s o nto o rderthes epo sitio n sdu ring m atch finding, is to a s slgn aPrefTe ren c e
du ringthepr o c es s offinding po s sible m atchings･ Ifw e c a n n otfindany m atch betw e e n
the r eferenceplX el andthe dete cted edgepl X el, thatpi x elisle氏 u n m atched, andtake n
into ac c ountass u ch late r o ninthe o v er allm etric.
A氏ertakingallpo ssible m atche sfor e a ch edgeplX el inthe r efere n c e,in cludingtheir
o rder
,
refe r e n c epix els ar e o rder ed again With m atch a c c o rdingto theirfirstpo s sible
m atching order･ T hus, w eha ve a n order eds et ofr efer e n c epl X els with orde r edpo s sible
m atches. Fr o mhe r e
,
a o n e-to - o n e m atcb 丘nding starts. First, we willtake the 丘r st
po ssible m atchofthefir str efe r e n c epI X el･ Next, w e che ckthefir stpo ssible m atch ofthe
s e c o nd r efe r e n c epixel, dete rm1nl ng Whetherits po sition a s adete cted edge pix elis
alr e adychos e nforthe m atchingo r n ot･ Ifit s notcho s e nthe m o st ahe adpossible m atch
istake n･ Ifthisis alr e adycho s e nthe nthe n e xtpo ssible m atch isin spe cted･ Ifw e c a n n ot
find a ny m atchfo rthe r efer e n c eplX elthe nitisle氏 o utand w e c o nti uefo r che cking of
the n e xtr efer e n c epl X el･ Bythis way, w e c a nfindthefirstpo s sible o n e-to - o n e m atching
betw een r efer e n c e edge a nd dete cted edge･ Be side sthis m atching, a co st fun ctio nis
intr odu c edto e v alu atethe c o st fわr m atching. For e x a ct m atch,the c o stisO･ The c o stis
intr o血 c ed a s0.1; 0.21; 0.22; 0.31; 0･44 fわr l
sし5tb o rder m atch r e spe ctiv ely･ Fo r
u n m atchedpix elsin boththe refer e n c e edg a nddete cted edgeim ages, the c o stis l･
Since m atchingbetw e e ntw oim age s c a n n ot alw aysfindapairfo r e v ery pl X el, a c o st of
m atchingsho uldtakeinto a c c o u nt the c o st ofevery m atchincluded inita nd c o st ofall
thepix elsle氏 u n m atched丘om both im age s[11]･ The Co stis c alc ulated bys u m m atio n
ofthe nu mbe r ofu nm atchedpix els(n u mbe r ofu n m atchedpixelstim e s1), a ndthe c o st
ofa m atchingbetw e e n r efe re n c e edg a nd dete ctededgepl X els･
By c alc ulatingthe c o st ofthe m atching, a simila rity betw e e nthe edgeim age sis
estim ated:
C D M
q
= 100×〔1
C(〟(∫,g))
げ u gl〕(2.2)
whe r e 77isthe m a xim u mpix el dista n c eforthe m atching, C(M(f, g))isthe c o st ofthe
fo u nd m atching, a ndIfuglisthetotaln u mber ofedgepix elinfo ring,i.e . , union of f, g
im age s. hter e stedre adersfor m o r ed tailed infor m atio nin[12]･
3. Experim entalr esults
3.1 Segm e ntatio n r e stl ts
Segm e ntatio nha sbe e n c arried o ut o nLa nds atT Ma nd Asterim ages ofthe so uthe rn
M o ngolia n aridr egio n･ Itislo c ated inthe Du ndgo vi aim?g(pro vin c e)I Thetotala re ais
1415･58km
2
･ Thege ologlC al m ap oftbis ar e a, which is v IS u allyint叩 r eted o n r e m otely
s e n s edim agery bas ed o nflelde xperie n c e, isillu str ated in figu r e1. The follo w i ng
ge ologic alu nits o c c u r o nthege ologlC al m ap:
1. Sedim e nta ryr o cks
･ Ce n o z oicdepo sit
Q4 - Qu ate rn a ryLake s s edim e nts
Q - Qu ate m a rysedim ents
E 2 - Eoc e n e(middlePala e oge n e)
El - M io c e n e(lo w erPala e oge n e)
･Pale o z oic a nd Me s ozoicdeposit
P_T - Pe mia n皮 Triassicfbm atio n
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Figu r el･ GeologlC al m ap ofthe Baga
Ga zar ar e a
Figu r e2. Aste rS W IRbands964
2. Volc a nic r o cks
K2 - UpperCretac e o u sba s alt
K I - Lo w erCr eta ce o u sba s alt
aT3-Jl - UpperTria s sic & Lo w e rJu ra s sic a nde site
3. Intr usive ro cks
yT3 J l- Uppe rTrias sic & Lo w e rJu r as sicgr a nite
yPR - Pr ote r ozoicgr a nite
3.1.1 La nds at T M
Lands at T M ba nds 751
,
a nd ba nds 754s egm e ntatio n s ar edqne･ Vis ually, in the
s egme ntatio n of La nds atT M 751c o mbin atio n,Q4u nits ar ev e ry w ellide ntified, alm o st
unlqu elyide n雌 ed witho ut any n ois e･ Itis be c a u s e of La nds at TM ba nd 1pen etr ate s
w aterbody,thu s, Q4 iside ntified w ell. Als o, yT3-Jla ndyP Ru nits ar eide ntified w ell
a ndle s s n oisytha nthe･s egm e ntatio n of La nds atT M 754co mbin atio n. K 2unitisbette r
ide ntifled inthe s egm e ntatio n ofLa nds atTM 754tha nthe s egm e ntatio n of La nds atT M
751.
In ge n er al, ge ological u nits a re cle arly ide ntifled tho ugh they arediffe r e ntly
ide ntified in differ e ntparts･ In s o m ec a s e stho s edo not m atch e x a ctlybe c au s e ofthe
partialpr o c e s slng･ De-c o rr elatio n stretch is u sedto redu c einteトCha n n elc o rr elatio n
, a nd
in cr e ase the c olor s eparatio n･ De- c orr elatio n stretchedim age s with o utput of byte data
e n able s s egm entatio n.
3.1.2 Aste rS ⅥJIR
T he AsterS W IRdata ha s6 ba nds･ As w e u s ed La nds at bands 7
,
5
,
4 for the
s egm entatio n, w eha v echo s eba nds9, 8, 4 ofSWIR f♭r s egm e ntatio n･ The Aste rim age
ba nds 964c o mbin atio nisillustrated in {1gu r e2･ Aster S W IR 4c o v e rs basic allythe
s a m e spe ctr alregl O n aSLa nds atT Mba nd 5, AsterS W IR ba nds5- 8 ar ewithinthe r 皿ge
ofba ndLa nds atTM 7, a nd AsterS W IR 9 is o utof La nds atspectralr egl O n,butitis v e ry
clo s eto Lands atba nd7･ Sin c ede c o rrelatio n str etched ba ndsdis c rimin atethe u nits w ell
,
w eha v edo n e s egm e ntatio n ofthe str etched ba nds･ Aste rS W IRsegm e ntatio nis
s m o othe r a nd bette rtha ntheLa nds atT Ms egm e ntatio n, espe ciallyfo rthe aT3-Jlu nitis
w ell dete -in ed･ The P- T u nitisdete -ined v e ry s m o othly･ Ho w eve r, n ois eo c c ursin
the s u ro u ndings oryT3-Jla nd aT3-Jl･ Thisisbe c a u se or w eathe ring pr o c e s s, P- T is
c o v e r ed by lo o s e s oil fr o mthe hill, a nd that partis determin ed as K lu nit. The
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s egm e ntatio nre s ults of Aste rS W IR de c o rrelatio n str etched ba nds489c o mbin atio nis
illu str ated inrlgu re4.
3.2 Validatio n
3.2.1 E dgeim age s
The edge im age is deriv ed fr o m the object im age, whichlis the r e s ult of
s egm e ntatio n. O bjectedges repres e nt w ellthege ologl C alu nitbo u ndarie sin c o mparis on
withr efer e n c e edg and dete cted edgeim age s, altho ughtoo m a ny s m allobje ct edges
o c c u r. Thes e s m allobjects n oto c c u rin refer e n c e edg im age.
3.2.2 Re stllts
Validatio n c arried o ut u sl ng C D Mfo rthe obje ct edgeim age s ofboth La nds at T M
and AsterS WIR. CD M ba gfわu ndpo ssible edge m atchingbetwee nthe edgeim age s a nd
e stim ate sthe similarityof tho s e edgeim age s. Thefin al m etricgiv e s Similarity of 3.5 5 %
fo rAsterS W IRre s ultand referenc e edgein we ste rnpart ofthe study are a(partl)･_The
qu e stio n ris e swhythe o v er allre s ultha s a v e rylo w v alu e ofsimilarity. Fir st,the n u mbe r
or detected edge sis to olarge. Se c o nd, displa c e m e nt betwe e ndete cted edge a nd
r efe r e n c e edg is fa rthe rtha n2-3 pix el differe n c e. T he re a s o n s r elatedto this ar e
dis c u s s ed in the fbllo v l ng S e ctio n. As m e ntio n ed abo v e, the m ain r e a s o n why the
o v e r allpe rc e nt喝e Ofthe m etricis m u chlo w e rfわr the c o mparis o n of s egm e ntatio n
r e s ulta ndr efe r e n c eim age inthis studyisthatto o m a ny s m allobjects ar edete cted,i.e”
o v e r-s egm e ntatio n o c c u rsin s egm e ntatio n re s ults c o mpa redtothe refer e n c e edg . Since
the im age s egm e ntatio nha s alarge o v e r-s egm e ntatio n as c o mpar edtothe r efere n c e
im age, w e n e edtofindaprope r w ayto e v alu ate s egm e ntatio n･
3.2.3 Co mpa ris o n o n v alidtio n
Bo u nda ryFit lnde x
To'impr o v e v alidatio n, differ e nt appr o a che sha v ebe e n appliedto c o mpar e edges･
The Bo u ndary FitIndexis a n a c c u r a cy m e a s ur ethatdo e s n ot takeinto a c c o u nt the
n u mber of edge pix els[6】･ A s c a n windo w w a s u s edto 丘nd a n edge m atchbetw e e n
s egm e nted im age a ndrefer e n c eim age･ The s c a n window w as21pixelsin size･
The C D M la v e rsio n or C D M, u sl ngthe s a m efbm ula e a sC D M,butn ot takingI nto
acco u nt that a n edge pixelin the s egm e ntatio n r es ult c a n r epr e s e nt m ultiple m atche s.
The w eights a r e als odeter min ed bythe dista nce･ Fir st, the clu mp ope r ator appliedto
redu c ethe a m o u nt ofs m allobjectsinthe edgeim age partl bythr e e clu mp versio n s.
Clu mp windo w siz e sw er e0, m e a n s n o clu mp, 1･e･ , Orlgl n alsegm e ntation re s ult, 15 and
5 0pix els･ Se c o nd, the diffe re nt a c c u r a cy m e a s u r e s appliedto c o mpar ethedete ctededge
im age a ndr efer e n c e edg im age. The re sult ofC D Mw a sC DM -5.9%, o nthe edge m ap
with Clu mp windo w of 15pix els. The re s ult of Bo u ndaryFitIndex w a s51.98%, while
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CDM Iw a s8･52% o nthe edge m ap with Clu mp windo w or O, which isthe orlg n aledge
im age s witho uta ny cha nge･
T b･e r es ults sho wthat thebigger clu mp windo w sizethe s m alle rthe n u mbe r ofe x act
m atching pI X els･ Though the clu mp ope r ator r edu c e sthe s maller objects whe nthe
clu mp windo win cr e as e s,itde cr e a s e sthe a c c u r a cy m e as u re s･ He n c e, witho utcha nging
the m ajo r Segm e nted objects, the eli min atio n ofs m allobjects,i･e ･ , 甲erglngintola rge r
objects c o uldbethe w aytoinc re as e a c c u r a cy m e a s u r e･ For this r e a s o n, E dge m e rgi ng
applied to dete cted edge im age･ Itin spe cts edge im age by diffe re nt windo w siz e,
whetherthe windo win cludes s m allobjects,i･e･ ,thats mallobjectsis c o mpletelyin side
the windo w o rn ot･ Ifthe windo w ha s sm allobjects in side, it deletes the edge s.
Nu m eric ally,1tredu ce ”hmbe r ofedgepi x elsbytho u s a nds･ We obs e r v edthat the edge
m apderiv ed &o m r ef ren c eim agehas1pi x el width･ Ther efo r e,in c o ntr a st topre vio us
edgeim age u s edfo rthe v alidatio n, w ederived 1pix el widthedge m ap･ Thisha s alm o st
twic e a sfe w ofthe edgeplX elsthan edgeim age s of 2pixels width･ On edge m ap of 1
pl Xel wi dth of partl, elimin atio n of s m allobjects is applied. C O Mr es ult w a s
CD M-5.19% o nthis.
Co nfusio n m如rix
Tbe s egm ented 叫 ectim age orpartl ofAstらrS W IR de-c o rr elatio n stretched489
ba nd c o mbin atio nis v alidatedbythe c o nfusio n matrix u slng refe r e n c e objectim age.
The o ver alla c c u r a cyis71･0 %･ A m aJOrltyflte r redu c es n u mber ofsm allobjectsin a n
im age･ The m ajOrltyfilter of 15by 15pix elsiz e window is appliedtothe segm6nted
obje ctim age･ ARe rthis,the over al a c c u r a cyis71･4%･ Itimpro v e slittlebitc o mpa redto
the orlgl n alim age v alidatio n･ The m a)orltyfiltereds egm e ntatio nres ult a nd a refer e n ce
ar eilu str ated infigu r e3･
4. D畳s c Ⅶs sio n
The c u rr e ntstudye xplor e s am ultiv ariatete xtu r e s egm e ntatio nbds ed o n m ultiv ariate
L B Pope r atorfo rge ologi c alu nitide ntiflC atio nin La nds atTM a nd Aste rS W IR im age s.
T he m ultiv ariate L B Pc omple m e nted by RG B-3 Dc olo rhistogra misi
'
de ntifying the
objects ac c ur ately･ Fo rthe geologic al m apping, .tPr o vide s a{1r St Sketch ofthe study
a re a a uto m atic aly.
Segm e ntatio n c o uldgiv e a nimpo rtantdivisio n ofunits othe r wis ein visible･ Tho ugh
s egm e ntatio n r e s ults sho w sm o oth a nd a c cu r ate objectide ntificatio n, it detectedt. .
m a ny sm allobjects･ La nds at TM 叩.d Aste rSWIR a re r elatedtothe s olar r efle ctio n
reg1 0 n, Which bringsinfo r m atio n only&o mthetopfe w micro n s-thick s u rficial fe atu re s
(s oil, s uぬc e c o atings, e n c m statio n s, du st).
Thether m alin鮎r ed(TIR)data,in c o ntr a st,is r elatedto afew c e ntim ete rs-thicktop
s u rfa c e z on e a nd its e mittedr adiatio n･ Sin c ethisis s o m e whatde epe r, itm aybebette r
for ge ological applic atio n･ T he r efo r ethe spe ctr al fe atu re s ofthebedr o ck m aterialar e
obs e rv able e v e nifsurficialc o atings, e nc ru statio n s arepr es e nt･ Further, the min e r al
?pe ctra ar eba sic ally additv ein this r egion [5], a nd the r efo r e r o ck spe ctr a ar e
lnte rpr etableinte - s ofrelativ e min er alabu nda n c e･ Altho ughspatialre s olutio nislo w,
TIR im age s egm entatio n c o uld be applic ableto v ario u sge ologic al ap plic atio n s. Aster
TIR im age s egm e ntatio n,itsba nd co mbin atio n sin TIRr egl O n, O rim age fusio n withthe
S W IRr egl O n a r e O ut ftbe scope oftbe c u 汀e ntS山dy･
In ge ologlC alm apping W e ne edto m apbedr o ck,ign o rl ngthetype ofs urfa c e co v er.
In addito n
, s o m e s urfa c e c ove r may cr o s sbedr o ck u nit bo u ndaries, a ndthe refore
obsc urethe m &o m the s e n s o r's vie w
,
for e x a mple vegetatio n, alluvial fa ns(lo o s e s oil
fro m ahill),lo o s edebrisfr o m ste epslope s(talus slopes).
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T he r efo r e
,
s o m ege ological u nit bo u ndarie s c an not , be ide ntified by the
s egm entation u singdiffere nt.ba ndsfr o m s olarrene ction r egi o n a nd/o rtherm al in
fr ar ed
r egi o n. Ac c u r ate inte rpretatio n n e edshelp fro mge ophysic al m e asure me ntsto pe n etr ate
the s u rfa c e a ndr e a chthebedr o ck. Su ch li mitatio n s are n ots oserio u sin M o ngolia orin
s o m e other r egions, c o n sideringthat m o st ofthe area of Mo ngoliaha s spars e v eg tatio n,
o utc r ops a re ofte n w elle xpo s ed, s othat s egm entatio nis e xpe ctedto be u s eful fo r
a c c u r ate ge ologic al m appl ng･ Fo r go od ge ologic al u nit identific atio n, e xplori ng
diffe r e ntba nds ele ctio n sisimpo rta nt.
Fo rqu a ntitativ e validation ofthe s egm e ntatio n res ult, C D Mw a s u s ed･ C D Mw a s
imple m e nted with differ e nt w eightsba s ed o nthedista n c ebetween dete cted edge plX el
a nd r efer e n c e edg plX el lo c atio n s･ C D Mv alidatio nfinds po s sible m atching within
n eighbo血o odsin a c ertain window , a nd estim ate sthe c o st ba s ed o nthe m atching･
Finding po ssible m atchingis bas ed o n allpo ssible m atchingbetw e e n r efere n c e edge
PI X.ela nddete cted edgeplX el.
As dis c u ss edin the Re s ults, m a ny s mallobjects w er eide ntified in the s egm e nted
im age. Thisis probablythe m ain re a s o nthat o nly 2･5 %-3･6% of也e edges c o rr e ctly
m atched betw e e ndete cted edge a nd refer e n c e edg im age s･ This r ais e sthe qu e stio n of
bo w w e c a n e v alu ate the obtain ed r e s ultspr operly. V is u ally, the s egm e ntation r e sults
ha v ego od c o rre spo nde n c ewith ge ologic al u nits, but thisis n ot r ene cted inthe edge
c orrespo nde n c e. Ther e aretw o w aysto ha v ebetter m atching, s u cha s o n c ethe r eisto o
m u ch displa c e m e nt betw e e n r efe re n c e edg s a nd dete cted edge s, w e co uldallo w a
big ger windo w, a nd m a ny n eighbo rsfbr也e m atching. In this study, w e alo w ed o nly2
plX el differe n c ei.
n all directio ns, i.e･ , 5x5 windo w･ The othe r w ay c o m e sfro m the
follo wing qu e stio n. Ca n w e m erg s m allobjects alls u r r o u ndedby o nly o n e cla ss of
obje ctintolarge r obje ct? T he a n s w e risye sbe c a u s etho s e edge s a re n ot o c cu rrlng lnthe
r efe r e n c eim age. This sho uldm ake agre at differenc ein the over allresult･ But the
elimination ofs m allobjects w a s notimple m e nted inthis study. Itis obvio usthat the
1:2 00 000s c ale ofthege ologic al m apthat w e us e as a r efe n c e m ake s adiffer e n c ein
v alidatio n.
De spite the stru ctural info rm atio n o nge ologlC al m ap, ge ologi c al bo u ndarie s
betw ee ndiffer entu nits, tho s ebedr o ck a nds uperfl Cial depo sits ar e of urinter e stinthis
study. We u s ed age ological m apthat w as m adefo rthis study o ntheba sis ofa visual
im ageinte rpr etatio n a nd on thefield kn o wledge at a s c ale of 1:200, 00. Itisge nerally
a ckno wledgedthatge ologic al m aps are s ubjectiv e a nd ba s ed o ndiffe r e nt c o n c epts. The
c on c epts(co?c eptual m odel
-infer e n ce)ofthe m appingar e o utsidethe s c ope ofthe study･
Dataqu alitylS a nimpo rta ntis s u e, sin c eR Sa nd GISto ols enableintegrity of differ e nt
type s ofdata a nd furtherfo rdata sharing,fo rin sta n c e, ge ologic al m ap c o uldbe u s ed a s
a ba £? m ap fわr othe r applic atio n s a nd m applng. Ca nthe ge ologic al m ap be updated
u sl ng Im age Segm entation? Yes, segm e ntatio n re s ults gi v e m o r edtailedinfor m atio n.
Depe ndingo n s c ale, w e c o uldu s eitfわrbette rdetailed m appl ng.
A ge ologist c an be n eflt fr o m a n enha n c ed r e m ote s e n s ing Pr odu ct a nd s uitably
inte rpr et theim agedata, c o n sideringthe v ario u s s u rflCial fe atu r e slikedrycha n n els[5].
O bvio u sly, gr o und truth data is r equired for optim u m ge ologl C al m applng a nd
litbologlC al dis c rimin atio n･
Ac c o rdingtothede v elopm e nt a nd daily u s e ofGISa ndge o-databa s e s, w e ar e r equired
a nd allo w edto ha v e m o r e a c c u r a cy to c o ordin ate the inform atio n. Tho ugh spe ctr al
e nha n c e m e ntfollo w ed by vis u al interpr etatio nis ge n erally pr eferred fo rge ologic al-
lithologlCal dis crimin ation pu叩 O S eS, a S C O mpar edto the a uto matic appr o a che s, w e
argu e that a山o m atic appr o a ch giv e s a c c u r ate dete ctio n (impr ove a c cu ra cy of
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delin e atio n)in o n eha nd, a ndthe othe rha nd, itgiv e s m or einform atio nto ge ologists
abouts uぬ c e ele m e nts wbicbn e edground obs er v atio n.
5. Co n c且Ⅶsioms
･ In this re s e arch w o rk
,
m ultiv ariate te xtur e s egm e ntatio nhas be e n s u c c e s s免1 1y
u s ed fo rge ological u nitide ntificatio n･ The s egm e ntatio n acc u r ately ide ntifie s
differe nt objects o ntheim ageg･ Ov e ralla c c u r a cyis71% inpartls egm e nted im age,
u slng Confusio n m atrix, which is sta ndardte chniqu eto a ss e s sL cla s sific atio n. It
als odete cts m anys m allobjects, which m akeitdiffic ult to co mpar ethe s egm e nted
im age withr efer e n ceim agethatdo e s n otc o ntaintho s e s m allobjects.
｡ A s electio n ofpr operba nd c o mbination sfo r s egm entatio nisimpo rta nt･ In this
s山dy, the V N IRa nd SWIR spe ctr al r eglO n S are u s edf♭r s egm e ntatio n with
differ e nt r ange c o mb inatio n s･ Segm e ntatio n of de-c o rrelated AsterS W IR ba nd
c o mbinatio n s r e s ultsinto s m o otha nd ac c u ratege ologic alobjectide ntificatio n.
･ Thedis c r epa n cy m e asure, CD M,isimple m e nted forv alidatio n ofs egm e ntatio n.
Ac c o rdingto Z hang
'
s e v alu atio n
,
tw opr ope rtie s ofv alidatio n a rethe abilitiesto
e v alu atethe segm e ntation re s ults ina qu a ntitativ eァay a nd o n an objectiv ebasis
[13]･ C D M isbothan objectiv e and aqu a ntitativ ediscr epa n cy m e as ur e. Fr o mthe
e xperim e ntalr e s ults,itis sho wnthatC DM isto o s e n sitiv efo r o v e r-s egm e ntatio n.
Fo rthis r ea s o n
,
w eha v e av erylo w similarity m etricin the o v er allc o mpqrlS O n
betw e e n s egm e nted a nd r efer en c e edge im age s･ This dis cr epa n cy m e as u re
c o n c e rn s a n applic tio nthat n e eds bothr efe r e n c eim age a nd s egm e nted im age･
Sm alls c ale ge ologlC al m ap which do e s n ot ha v e s m all objects, is u s ed as a
r efer e n ce in this study･ It w asthe r e a s o nwhy w e ha v elo w v alu e of ac c u r a cy
m e a s u reinthe v alidatio n
,
in otherba nd.
･ W e u s ed differ e nt a c c ur a cy m e as u r es a nd v alidatio nte clm iqu e･ Fr o mthes e, it
be co m e s cle arthatthe whole v alidatio npro c edu r eis s ubject tohn c e rtainty.
･ Sin c e mor edetailed objectinfor m atio n a nd m u ch m o re edge s w e r e obtain ed by
s egm entatio n, e xisting ge ologic alm aps c o uldbe updatedto ha v e m o re ac c u r a cy
ba s ed o nthe segm e ntatio n･ M o re o v er, a large s c ale geologl C al m applng, this
s egm e nted im age c anbe u s ed intheinitialpha s e･
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且｡耳mtr odⅦc七畳o n
Re c e nt re s e arch o ntheimpa ct of la ndte n u r e reglm eS a nd r o ad de v elopm e nt on
biodiv erslty C OnS e r V atio nis pr e s e nted fわr dis c u ssio n･ Inte m atio n al e xpe rie n c e sho w s
that m ajorland r eform a nd n e w r o ads are both likelyto impa ct o nbiodiv ersity, a n
impa ct heighte n ed by their c o mbin ation ･ M o ngolia wills o o n startimple m e nting ltS
La ndLa w of 2002pr o viding n ov el la ndte n u r e r egi m esforindividu als a ndgr o ups a nd
c o n c o mita ntly co n sider sto c o n stm ct the M ille n niu m Ro adprovidingI mpr o v ed a c c e ss
to the M o ngolian steppes･ Ho w e v er, ifu n mitigated, n e wfa rmfe n c e s a ndr o ad r e se r v e
fen c e s c o uld be c o m ebarie rsforthe migr ating wildlife.
Re m ote s e n slng a nd GIS hav epr o v e nto beindispe n s ableto olsfb∫ dete cting a nd
m o nitoring the impa ct of both the de v elopi ngla nd te n u r e regl m eS and s u ch r o ad
developm e nts o nthe biodiv er sityr e s o u r c e s.
Pa r allelsbetw e e nthe M ille n niu m Ro ad in Mo ngolia a ndthe Tr a m s- Kgalagadi- Road
(T E 盈)in Bots w a n a ar edis cu s s ed flrSt･ Both r o ads c ut a?ro s s e xte n siv e u nfe n c ed
pasto r alla ndthatdo uble s a sthehabitatforthela str egi o n alm lgr atO ryherds oftheirpa rt
ofthe Asian and A frica n c o nti e nts･ Bothr o ads ar eprln CIPallyinte rn atio n al:the T K H
c onn e cts the e cono mic he art ofSo uth A 丘ic a with the Atla ntic in Na mibia
,
the
M ille n niu mRo ad willconn e ctChin a and Ru ssia.
1
Ne xt w e e xplo r etw o ar e asin Bolivia r e spe ctiv ely So uth A 舟ic a e a ch with 4-5
c o ntr astingla ndte nur e regl m e Sfわu nd in clo s epr o xim lty u nderide ntic ale n vir o n m e ntal
c o nditio n s･ In both ar e a sbiodiv e rsityisthr e ate n ed, in Bolivia bydefbr e statio n a nd in
So uth A fric aby inv asio n of alie n w e eds･ On the
'
w o rld le v el c o n v er sio n oftropi c al
for e stinto n o n-fo r e st cov ertype s a nd in v a sio n of alie n w e eds ar e c o n sidered m ajo r
c a us e s ofbiodiv ersltyde clin e.
2･ Tr a ms- 監galagadi 凋ighw ayE‡A in Bots w a n a
Ne ed for aTr a n s- Kgalagadi- Highw ay(T K H)as a sho rterinte m ationalc o n n e ctio n
betw e e nthe he artla nd ofSo uth A&ic a a nd the Atlaptic Oc e a n(Walvisbay harbo u r,
Namibia)have be e n c o n sider edfo rde c ade s. W ithin Bots w a n athe T K Hc o n n e cts the
w e stern ru r alpe riphery withthe m ain citie sin e ast･ The TK Hs upplie sthe w e ste rn c attle
indu stry with ro ad a c c e s sto the e xport abattoirin Lobatsi, r epla clng C attle treks of
se v er al hu ndr edskilo metres o nthebo o£
The A &ic a nDe v elopm ent Ba nk (A fDB) offer ed a lo a nfo rthe T K Hto the
Go vem m e nt of Bots w a n a(GoB)in1991･ An En vir o nm entallmpa ctAss e s s m e nt(EIA)
w asan A fD Blo a n c o nditio n s･ At thetim eBots w a n al cked n ational EIA legislatio n･ A
c o n s ulta nt c arried o ut the EIA･ An IT C M Sc u nde rto ok a r e-e ngln e erlng Ofthe EIA
usl ngG IS.
3･ T KH En vir o n m e ntalⅠmpa cts
The s cr ee ning a nd s c oping phas e ofthe EIA ide ntifiedthe bar rier eHe ct o nthe
migr ato ry of he rds of herbiv or e s(Wildebee st, Hartebe e st, Ge m sbok, Springbok) as
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pote ntiallythe do min a ntimpact･ The barrier effe ct couldapplytothe road its elf, to a
fe ncedr o adr e s e rv e a ndthede v elopm e ntoffe n c ed c attlefar m s alo ngtheT K H･
The T監H hadthr e e alte rn ativ e r o ute s･inthe.
Gha n zi District:the n orthern(G ha nzi
c attletrek),the middle(O kw a v all?y)ro ute a ndthe s o uthe rn c attletr ek･ For allpr a ctic al
pu叩O S e Sthe thr e e alte m ative s r o utesbad the s am e lengtb･ T he n ortbe m and the
so utbem tr eks s e r v edthebe efindu strybe st.
The Ghan zi D istrictis abo utthe c e nter ofthe Kgalagadi Eco syste min Bots w a n a.
The Kgalagadie xtends furthe r a c r o s sinte rn atio n allybo u ndarie sin all dire ctio n s. The
Kgalagadi is a n e xte ndedsand-plain,la cking per man e nts u rfa c e w ate r･ Hu nte r-gather ers
(Sa m;Bu shm a n)w e r ethe o nlyinhabita nts ofthe c e ntr al Kgalagadiprio rtotheimpo rt of
bo r ehole techn ologyabo ut a c e ntury ago, which allo wed perm a n e nt s ettle m e nt of
A frika n er c attle ra n chersand A &ic a ncattle pa storalists･ Te ntho u s a nds of large wi 1d
herbiv o r e s m o v ethr o ugh the wider Kgalagadie c o syste m r e a cti ng tO the epis odic
a v ailability ofgr e e ngr as s, e as o n alriv er s a ndpa n s.
Tw o a erial wildlife s u rv eys or c e n s u s e s ar e a v ailablein shapefile form at(E S RI;
Ar cV ie w/A R C G IS). T he s u rv ey of 1979r epres e nts the data fro m4 c o n se cutiv e a erial
c e n s u s e sin1978-1979oftheKgalagadiar e a aggr egatedintoblot-shapedpolygo n s. The
2002c e ns u sha sbe e n c a 汀ied o utinthedrys e as o n a nd c o v e rsthe entire c o u ntryl ngrid-
shapedpolygons ofsiz e s v arylng With wi 1dlifede n sitie s.
T he challe nge sinthe EIAofthe T 正月 alte rn ativ e s w er eho w to a s s e sshe rbivor e
pr e s e n c e o v er se a s o n s a nddr o ughtye a rs a nd hov to weigh o n e a nim alspe cie s again st
a n other. The e c o n o mic v aluatio n ofthe thr e e alte 皿 ativ e T K Hroute sto ok sto ck of
n u mbe rs ofc attlefa rm s,he ads ofc attle a nd n u mbe r ofpe ople s e rv edbye a chr o ute. The
n o rthe rn alte rn ativ e w a sfinally s ele cted a s c o mbiningthe minim u mbarrie r effe ct with
the best a c c es sforthe be ef indu stry･ Howe v e rev en the e n vir o n m e ntally be st ro ute
pr e s e ntspote ntially abarrierforthe m o vi nghe rds･ T he TKH EIApr opo s edtw o m ajor
mitigatio n sto r edu ce the ba rrier effe ct:(1)unfe n c ed r o ad r e s er v
.
e and(2)gradu ally
slopl ngba nks･ Both mitigatio n shav ebe e n acc epted a ndha v ebe en lmPle m e nted in r o ad
de sign a ndr o ad c o n stru ctio n･ Furthe r m ltlgatio n sfo rthe T K H, or similar r o adslikethe
M ille n niu mRo ad, a re s ugge sted.
4. La nd七e n tlr e r egim e s a nd r oadsin Bolivia
●
T he m o stimpo rta ntpro xim ate c au se ofbiodiv e rslty de clin e o n Ⅵ′o rld level isthe
c o n v e rsio n oftropical for e stinto n o n-fo r est covertype sI W ith fo u r n e arly clo ud- &e e
L A N D S A T- T Msatelliteim age sfro m1986, 1990, 1996 a nd 2 002c o n v e rsio n offor e st
w asqu a ntifl edfor a nIT Cr e s e a r char e ain Bolivia･ Ge o m etric c orr e ction, n o r m alis atio n,
enha n c e m e nt
, pr e-cla s si{1C atio n, cla siflC atio n a nd o v e rlaying ofthe fo u rim age sha v e
been c arried out withtheIL W IS 3.1s o氏w ar e.
Co n v e rsio n of Clo s edFor est(CC F)into othe r co v e rtypes, m ainly Gr a s s,Cr ops and
Ope n Fo r est, o c c u rsbetw e e n1986-2002 in the IT Cr e sear ch ar e a of Co cbaba mba
,
Bolivia ata n a n n u alr te of 3･1%･ C C Finto n o n-fo r e stc o v e rtypes sho w sar ate of1.5%.
Thela ndte nure r egi m e a ndthe dista n c e丘
･
o m ro ads c an largelye xplainthe C C F, ea ch
with high significan c e(p<0･001)･ 白oilte xtu re, a spr o xy fo r s oil fertility a nd s oil
s uitabilityfo rfar m i ng, Sho w snopr edictiv epo w e rsfor CCF. D ista n c e s&o m s ettle m e nts
a ndtopogr aphyha v e min orpr edictivepo w e rsforC C F, altho ughata r elativ elo wle v el
(lo wL R Ta nd lo wtointe r m ediate sigmi flC anC e).
Clo s ed Fore stsinthe Colo nie s& Syndic ate s, Natio n al Pa rkPP)and UntitledLand
ha v ebe e n c opv e rted into No n-Fore st(Table 4)in simila rpr oportio n s(62-64%). At the
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other e nd ofthe sc alethe Clo s ed Fo re stinthe Univ e rsltyR･es e Ⅳ epr o v edto be ne a rly
im mun eto co n v ersion･ OnIndige n o u sla nd CCFsho w s a niter m ediatele v el(32%).
1
The C C Fs e e ms to be driv e nby r o ad e xte nsio n a ndbyla ndte n u r e regi m e, both
fa cilitating agrlC ultu r al expa n sio n･ W hat a po sitiv e me s s age fo rbiodiv e rsity r e s o u rc e
m a n age m e nt･ Both the nu mbe r of ro ads a nd their align m e nt ar e m a n age ble･
Fu rtherm o r ela nd te n ur e arr nge m e nts ar e at the disc r etio n ofs o ciety･ Te n u re a nd
m a n agem ent by indigen o u spe ople a nd by N GO
･
s appe ar m o r e effe ctiv etha n state
ow n er ship, ev enifthelatteris withthe explicitgo alofc o n s e rv atio n s u ch asthe N P. O f
c o urs eI a m a w ar ethather ein Mo ngolia we ha v e steppes rathertha nfo r e st. Butit
s e e m sbette rfor(fore st)n atu r e cons e rv atio nthatindige n o u speople o w n a nd m a n age
la nd･ Andthe NGO(uhiv e rsity)s e e m stobe abette ro w n e r a nd m a n ager oftheir n atu re
r e s er v ethanthego v e皿 m e ntis ortbeirNatio nal Park.
5･ 乱a 皿dte m ⅦF er喝且m e a md 盈且畳em w e eds畳m So u地 A gric a
4
In v asio nby alie npla ntsis c o n side redto be a main c a u se of biodiv er sityde clin e･ Field
s a mplingofalie n w e ed in vasio ninthe u n charted for e stre s er v e r equir ed high-r e s olutio n
s atelliteim agery･ T he Aster s atelliteim age(8 Ju n e2002,band3,2 a nd 1)hasbee nge o-
refe r e n c ed
,
r e-s ampled, clas sified(Ma xim um Likeliho od)forla nd c o v e rwith gr o u nd
c o ntr olpoints a ndits a c c ura cy a ss e s s ed(co nfusio n matrix)with ILWIS 3.1 Ac ade mic.
The digitising of a n alogue c ada str al m aps and the plottingthe G P S bas ed gr o u nd
s a mplingofthe w e ed Chrom ola ena w a sdo n ewith IL W IS3.1. Ar cV ie w3.3 w as u s ed
forge n e r atingthela ndte n u re r egim e m aP･
Acros sfo u rlandte n u r e a nd la nd m an age m e ntregim esin So uth A &icathetropic al' '
we ed'- Chro m ola en a w as abu nda nt in the State For est Re s e rv e(19.2%). We ed
abu nda n ceipc o rpo r atepla ntatio nfo re st(9･4%)w asle sstha nhalfofthatinthe Re s e rv e.
Boththeprl V ate C a n efar m s(2･1%)andthe Co mm u n al La nd Tru stgra ssla nds(2.9%)
sho w a substa ntiallylo w er abu nda nc e ofthe w e edyinv ader.
1
6･ La ndie m tlr e r egim es a nd biodiv e rsity
In both Bolivia a nd So uth A &ic athe state o w n ed a nd state 甲an aged c o n s erv atio n
ar e a s(r e spectiv elyNatio n alPark a nd Fo re stRe s e rve)sho w edtobethele a steffe ctiv ely
pr ote cted agal n St biodiv e rslty r e s o urc edegr adatio n･ Biodiv erslty re s o u r ce s W e reb st
c o ns erv ed in theindige n o u s(c o m m u n ally),in stitutio n ally a ndc 叩 O r ately o w n ed a nd
m a n aged la nd acro ss r es ear char e as･ T heprlV atelyheld far mla ndpe rfor m ed inbetw e e n.
7･ IsstieSfo rM o mgo且ia
How to go abo ut an EIAofthe M ille n niu m Ro ad? Ho wto mitigate aba rier effe ct
ofa M ille n niu m Road?C皿 the EIA bedo ne v地 GIS? Arealte m ative ro ad align m e nts
a v ailablefわrEIA ?
Whatla nd te n u r eregim es, state, gr o up(c o m mu n al), priv ate individual, priv ate
c o rpor ate o rin stitutional(N G O) w o uldbe optim al forbiodiv e rsity c o n se r v atlO nin
M o ngolia?
汲efe r e n c e s
Lalets a ng, G･ T･(I997)･ Impa cta sse s s m e nt oftheTra ns- Kgalagadi Highw ay o nwildlife.
M ScthesisIT C,En s chede:108pp･
Lo z a
,
A･V･A ･U･(2004)･ A spatiallogistic model fo rtr opic al fore st c o nver sio n. M Sc
thesisIT C
,
En s chede :74pp･
M w an a ngi, M ･ M ･(2003)I Spatial distributio n ofinvasiv e spe cie s a nd la ndte n u r e. M Sc
thesis 汀C, En s chede :60pp･
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町S 鼠 O F 温風M O 甘鼠 SN S瓦N G(汲S)AND G 鼠O G 汲A P 既丑C RN F O 汲M A 甘宜ON
S¥S T E M(G 宜S)甘藍C 斑N O 臥O G Y F O 取互M P汲O V丑N GS P 鼠C ‡A 臥 P R O 甘藍C T E D
A 汲E AS M AN A G 取M 鼠N T: C A S風S甘町D Y; 町V S 乱A K E B A S耳N, W E S T E R N
朋O N G O L‡A.
Bya mbaTs e nd-Ayu sh,
Se nior offic er
,
Prote cted Ar e a sM a n age m e nt･divisio n, M inistryforNatu r e a nd
En vir o n m ent.
Po stbo x1107
,
Ula a nba atar13, M o ngolia. Em ail:tse nd@m obin et. m n
1. Ⅰn七r odtACtio n
TheUv sNu u rBa sinislo cated inthehe artof Central Asia a nd itc o v ers n eighboring
territories ofthe n o rthw e ste rnpart ofMo ngolia a ndpa rt ofthe republicbf Tu v alo c ated
?nthe s o uthe m fr o ntie r ofthe Ru ssia nFeder atio n(figurei)･ <{TheUv sNu u rBa sin,site
In clude ste rritories oftw o n atur epr e s e rve s - aThe U bs u n u rHolo w ))in Ru ssia n
Fede r atio n a ndくUv sN uu r))in M o ngolia･ The M o ngolia n くくUv sNu ur))pre s e Ⅳ e c o n sists
of fわur clu ste rs withthefbllo w l ngco ordin ate s:
1. ((Ts aga n shu vu ut))
2. くTu rge n ))
3. く(UvsLake))
4. く Alta n els))
910 o9'E; 50
o19
'
N
91
o
22'E; 49
o
46'N
92o53
'
E; 50
o
20'N
950oo'E; 49
o
5 0'N
The Uv sNu u rBa sin c o ntain s6 e c ologic alz one s: c old de s ert, de s ert-steppe, steppe,
bo r eal fo re st a nd decidu o u sfor e st
,
talga, alpinetu ndr a within a n a n cie nt ce ntr alAsia n
lakeba sin 160 km fr o mNo rthto So utha nd 600km &o mEa st to We st.
Uv s Lake a nd Ye sR ive rPr otected Ar e a
､
ヰ 2.1
〟 s IAL8 仙 血
ロ Lo ;ApQ･BLd al 点
【コsp- JpLd Ql d &･成
井甲 Lb 姐
潮鞍 Fl】rBSl
P rlTl†e db ;
喝盟
Figu r e1- Lo c atio n ofUv sNu u rSP A.
Tbis basinis a n e xtr a ordin a ry pla c ein regardsto 也e div er slty Ofe c o syste m s a nd
spe cie spres e nt within s u ch a s m all, e n clo s ed ba sin･ This pro vide s a n exc elle nt
oppo rtun ltyforthe study ofw ate rshedba sin dyn a mic s within m any diffe rentbio m e s.
Uv sNu u r(thelarge st saltedlake a c c o rdingto s uぬc e ar e ain M o ngolia), s e v e raltal
pe aks, 20 %of Mo ngolia
-
sglaciers, M o ngolia
-
s s e condtalle st w ate胞1la nd m a nyhigh
altitudelake s ar e allwi也intheprote ctedar e as.
With regard to slgnific a nt habitats forthre ate n ed spe cie s, Tu rge n Uul, Ts aga a n
Shuvu ut a nd Mongu n- Taiga strictly pr ote cted are a s c o ntain e s se ntial habitatfわr s n o w
leopards.
7 5
2. 甘払e 如 柑せegy酌〉r m atu r e e o n s e r v atio 粗:
A cla s sic al m ethod fo r n ature c o n s e rv atio nisto e n s u r epristin e n atur e a nd ke epthe
e c ologic al bala n c ebye xpa ndingPr ote cted ar e a snetw ork a nd in clu sio n ofne w a r e a sfor
pr ote ctio n. The M o ngolia nPr ote cted Are as
' Netw o rk ha sbee nestablishedfollo wing
such a c o n c ept･ In o rde rto e xpa nd thepr ote cteda reas n etw ork,itis r equiredtotakeinto
a c c o u nt the vu1ner abiltyofthepartic ular spe cie s a nd chara cte ristic s of biodiv ersity of
this reglO n.
The Pr ote cted ar e a s system in M o ngolia c o n sists oftw o m ain parts:Strictly
Pr ote cted Ar e a s(SP A)andNatio n al Parks 即P)･ T here ar e14 Pr ote cted Are as
'
(P A)
administratio n s u nderdir e ct m anage m e nt&o mthe M inistry of Natu r e a nd Envir o n m e nt
(M N E). In addito n, the r e ar etw o m or e cla ssific atio n :Natu r al Res e rv e s a nd Mo n u m e nts･
T hes e ar etmderdir e ct m a n agem e nt oflo c al Go v er n or
'
s administr ation･ In M o ngoliain
19 92･ appr o xim ately6 millio nhal ofla ndc o n st血tlng13 Pr ote cteda r e a s e xisted･ Today
仇etotaln u mberha sin c re as edto 21 millio nha.(Figu r e2)and itrepre s e nts56pr ote cted
site s, which is13.5% ofthe e ntire c ountry. The M oI唱 01ia nParlia m e ntpa ss edthe
`
La w
o nSpe cial Prote cted Ar e a s
' in 1994a ndthe
'
La w o nBuffe rZo n e sofSP A
'in 1997,
a nd appr o v edthe Natio n al Pr ogr a m o nSpe cial Pr ote cted Ar e a sin 1998･ The Natio n al
pr ogr a mhas ar o u nd 30s epar ate ru1e s a ndregulatio n s･
8='
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Figtl r e2. M o ngolia nPr ote ctedAr e a s
'
n etw ork.
The n e w c
.
o n s e rv atio n str ategyadoptedbythe Wo rld W阜deFund forNatu r e(W W F)
and by
･
other Inte rn atio n al c o n v e ntio n s a ndprogr a m sha s a n objectiv eto c o n c e ntr ate
c o n serv ation effo rts onkey e c ologic alr egion s.
The Altay-Saya n e c o-r egl O n Within Uv slake basin hasbe e ndete min ed bythe
e n vir o n m e ntalc o m m u nitya s akeye c o r egl O n, a nd itis char a cteriz ed byadistin ctset of
spe cie s a nd e c ologl C alc o nditio n s. Ac c o rdingtothe r e s olution of Mo ngolia nParlaim e nt,
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appr o v ed o nOctobe r12, 1993, the Uv slake-ba sin w a sin cluded intothe Mo ngolia n
Spe cial Pr ote cted(SP A)ar e a ssystem .
T he m ain c riteria for the s ele ctio n of Uv slake basin into the SPA syste m of
M o ngolia a nd the U N E S C O Wo rldHe ritage list in 2001 c arried the follo w ing
argu ments:
(I)Thepropertyc o ntain s e x ample s ofthe m ajo r stage s ofearth･shistorya nd o utsta nding
ge ologic al fe atu r e s･ Gla ciala ctivity, slope ero sio na nd m obile s a nd du n e s are slgniFIC a nt
a nd m a nyge o mo rpbologlC alpr o c es s e s co ntin u einthis are a.
(ⅠりT heba sin c o ntains ex a mple s ofo ngoing ecologicala ndbiologicalpr o c e s s e s. The
pr ope rty c o ntain s awidera nge ofn atu r al e c o system sin closepr o xi mityto e a ch other,
a nd isthu side allys uited fわr e c ol glCalr e s e ar ch.
(ⅠⅠりTbebasin c ontains n atur alphe n o m e n a and r e a s ore x ceptio n aln a加 albe a uty and
ae stheticimpo rta n c e･
(IV)Theba sin c
.
o ntain sthe m ostimpo rta nt a nd signific a nt n atural habitatsfo r s e v er al
enda ngered spe cle S･ Thispr operty s uppo rts ahigh n u mbe r of biodiv erslty' 1n Cludinga
bigbn u mberofr elic andthr e ate n edspe cie s･
3. Tre ndsin n aせⅦr e c on s e r v aせ孟o 皿
Allma n age m e nt a ctivitie s, policy a nd strategyobjectiv e s within the S P Asyste m
requ lre Sregular us e of up to dateinfわr m atio n o n n atural r e s o ur c e s, their statu s･a nd
s ucc e s sio ndyn a mics･ Du eto thelarge siz e ofthe Uv sNu u rSP Aa nd la ck ofs o cio
ec o n o mic de v elopm entin sidethe r egl O nthe e xist
■
ing pr oble ms c o uld be de s cribed as
follo ws :
1･La ck ofTe chnoloByI
> Urgentne edsfo r a c c u r ate uptodatege oinfor m ation.
> La ck ofba sic equ lpm e nta nd免1ndingfわrin spe ctio n a nd m o nito ring a ctivity･
> M o st ofm a n age m e ntpla n s e xistonlyo npape r･
> A bs e
･
n c eofinfo r m atio n a nd m o nito ringsystem abo utfo re stflre Sinthe r egl O n･
2･ Po or M a nage m e nta nd limited Hum an res o wcqs c apa cib'
> En vir o nm e ntal m o nitoringa nd inspe ctio n syste m n eedstobeimpr o v ed･
> In s ufFICie ntinv olv e m e nt a nd w e akpa rticipatio n of ru ralpopulatio n a nde xisting
c o m m u nitie sin c o n se Ⅳ atio npr ogr a ms a ndpolicyfbm ulatio n.
W e ak c o ope r atio n withinlo c aladministr ationbothats u m a nd aim agle v el with
park administr atio n a nd ministry･
T he ar e aisla rge, the refo r e upto date m o nitoringa nd inspe ctio n offo re st, riv er
ba sin s a nd w ater shedr egio n s aredifficult.
A
A
> Hu m an c apa citybuildingofthe r a nger s a ndpa rkstafis o n e ofthe m ainiss u es.
Atpre s ent the M o ngolia nPr ote cteda r e as syste mha sbad limitedr e s e a r ch, andlacks
uptodate mappl ng･ The R S/G ISapplic atio nhasbe e n u s edfo r c o n s er v atio npr oje cts at
Hu stai Natio n al Park(wildlife a ndbiodiv er sityc o
.
n s erv atio n)ands e v e r alpr ojectsfro m
the Germ a nTe chnic al Co oper atio n(GT Z)orga nlS atio n･ W W Fs u c c e ssfu lly?sed GISforvis u al repr e s e ntatio n ofthe prote cted ar e a sn etw o rk o n s el cted cite s, In cluding
Altay-Sayan e c o r egl O n.
4･ Re m oteSe n sing/GISe o ntribtltio n
Theintegr atio n of Re m oteSenslng a ndGISte chn ologyinPr ote ctedare a
m an age m e nt wills upport m a n age m e nta ndpla n n lng PrO C e SS e S･ Mapped info rm atio nis
impo rta ntinde sign l ng pla n sfわrprote ctio n orr a re andv ery rar e spe cie s,theirhabitats
77
a nd biodiv e rsltyits elf･ At thi-s m o m e nt, allm a n age m ent a ctivite s a nd str ategy pla n n i ng
in cllldelimitedtlS e Of detailedge oinfbm atio n.
P RO CE S M O DE LI河G IJSIN G R 温M O TES ENSI N G
1 山d C IS fTa rS P AM AN A6 EむI m
A basic step
te chn ology o n
c o ope r atio n a nd
betw e e ndiffer e nt
for u si ng RS a nd G IS
SP A m a n age m e nt is
infbm atio n e x cha nge
ministrie s
,
inte 皿 atio n al
pr ojects, Age n cies a nd N G O
'
s･ The
obtain edinfbm atio n c o uld be linked a nd
sto r ed within a spe cialdataもa s efわr se Ⅳ1ng
as s upportiv e to ol on e n vir o n m e ntal
m a n age m e nt and plannl ng･ Su cb
infbm atio nis e spe ciallyimporta ntfわrlo ng
te r mpla n n lng a nd m o nito rlng a Ctivitie s･
The pr opo s al orpr o c e ss m odelingf♭r
s u ch ta sks u slng R Sa nd GIS infわr m atio n
forSP Am a n age m e ntis show ninfigur e3･
Table 1 sho w spo s sible c o ntributio n of
R S infbm atio n a nd GIS te chn ology lntO
Pr ote cted ar e am a n age m e nta ctivitie s･
S P A AdrniTIiltTJItioh,
M NE
蜘 h Ak h名Pr O脚 1
IJ ¢1l Ntlb rc cQ n!七 … tlorL
oFTIc e
Figll r e3. Proc ess m odelling
Table1.
Pla n n ed T he m ain obje ctiv e of Imple m e nting Pr opo s ed c ontribtltio n免･o血
a ctivite s the a ctivi ty in stitutio n R Sa nd G IS
1.Prote ctio n 1.1.1 Dete r m ln l ng Ofthe Re s e ar ch Mappl ng Ofspe cie shabitat
of 1o c atio n ofr ar e a nd v e ry orga niz atio n s, closelylo c atedto s ettle m e nts
biodiv erslty r ar e spe cies whichar e 1oc alPA and in丘a stru ctu r e(pa stu re
within n e ededtobepr ote cted administr atio n c a mps;r o ads)･ Ov e rlapping
sele ctedcite s 丘o mhu m a nimpa cts. withr a ngers m o nitoring are a s･
2. Basic Estim atio n ofpastu re P A Large s c alepastu r e
- la nd
activities o n
pa stu r e
m a n age m e nt
c a rryl ngC aPa Clty administr atio n
rele v a nt
o rga niz atio n s
c o v e r/landu s e.
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5･ Su m m a ry a nd co n c且Ⅶsio n s :
A All m a n age m e nt a ctivitie s a nd str ategie s sho uldr ely o n up to date info r m atio n,
in cludingthata v ailabletodaythr o ughRSa nd G ISte chn ologle S.
A
A
Co n sider able info r m atio nha sbe e n c ole cted by fe w profes sio n als with limited
budget.
T his info rm atio n n e eds to be in c orpo r ated into a u s efu ldataba s e, addaddito n al
in fo rm atio n
,
c olle cted u si ng m Ode rn equ lPm e nt a ndtr ain edpr ofessio n als.
> R Sand GISar e m ode r nto ols･ They n e edto
･be appliedtothe Pr ote cted Ar eas
Syste m.
A In o rderto m ake RS and GISw ork fo rthe Pr otectedAr e a s' Syste m a nd n atu r al
r e s o u r c e s
,
itis c m cialto c o oper ate wi也r elated ministries, age ncies a s w ella s
appropriateN G O
'
s.
Refe r e n c es :
1･ Uv slake ba sin SP Am a n age m e ntpla n, pr epar edby B･Tse nd-Ayu sh, M inistryfo r
Natu r e良 En vir o n m e nt
, Ula a nba atar, M o ngolia, 25･04･2003
2
3
Lo ng-te rm c o n s er v atio n ofthe Altai-Saya n e c o-r egl O n, W W F, 2004･
‥No min ation Uv sNu u rBa sin門
,
M ongolia a ndRu s sia nFeder atio n, 2001･ Prepa red
by: Ubs u nu rInt･Ce nter, Ru ssia; Ge ogr aphy Institute, R AS; Ge ology, Ge o e c ology
In stitute M AS･ Spo n s or ed by Gre e npe ac eRu ssia, Fede ral Age n cy fo r Natu r e
Co n s eⅣ atio n
,
B F NGe ma ny.
4･ S･Pr adha n
,
1 99 9
,
Integr atio n of GIS a nd R S fo rCrop Av er age Estim atio n: An
infわ- atio n syste mde v elopm e ntAppro a ch,ICI MOD･
5･ Multi-pu叩 O S ege Ogr叩hic databas eguidelin e sf♭r Lo c al go v e m m e nts, 1999,
A CSM -ASP RS Ge ogr aphicInfo r m atio n M a n age m e ntSyste m(GI M S)Co m mitte e,
Re m oteSe n sl ng and Pbotogr a m m etry, U S A･
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A N A 亙+Y S丑S O F D Y N A】Ⅶ宜CC 班AN G監 O N 臥A N D U S E ⅠN E A S T 甘W OI
A L LⅠA N C取SA N D T W O C亙丁昔風S 丑N ⅠN N 乾瓢 MO NGOLⅠA
Ba o-yu -hai
1A-1a-terl-tu -ya
2sa-r e-n at A - m u-gu -1eng
l
llnner M o ngolia Auto n omicZo n eKeyLabof Ge ogr aphicInfor m atio nSyste m
2in stitute of GeographyScie n c einn erM o ngoliaNo r m alUniversity,Htlhhot, C hin a
Abstra ct
The e ast tw o allian c es andtw o citie sinln n erMo ngolia ar ethe m ainbody oftbe agn cultu r e,
fo resta nda nim al hu sba n.dryinterlac edz o n e,ha v e obvio u stra n sitiv echar acter, a nd are als o o n e
ofthe m o st s en sitiv e ar e afo rthe r e actio nto global change. M aking u s e ofTM data of 1990s
and2000ye ar a sinfo r mation s o u r cethr o ugh synthe sis, e nha nce m ent, correctio n, m osaic and
m a n- c omputerinter a ctiv e, a ndgivingprio rityto far mla nd, the situ atio n ofla nd u s e cha nge o n
this reglO nis an alyz ed, a nds u stain able u s e c o u nte m e as ur e lSputfbⅣ ardinthispaper･
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1 Ctltiv ated la nd
Il 0 m ni- a m o 1 柑tCha nges ofetlliiv ated la nd
Fro m1990to 2000, the ar e a ofcultiv ated la nd in e ast tw o allian c es a ndtw o citiesin In n er
M o ngolia incre as ed, a m o u nted to l O4184×10
4hm 2･ In which
, the ar ea of in cr e as ed cultiv ated
land in Hulu nbeier allian ce w asthe m o st
,
c a m eto 33･46xlO4hm2;se c o ndly, C hife ng city, c a me
to 27･66×104 bm2;The le ast w asin Xingan allian c e, o nly 20･3 3×1 0
4 bm 2･ Ho w e v er
,
by
c o mparingthe e xpan sio n ofc ultiv atedla nd in e v ery allia n c e a ndcitytoits wholeland ands cale
ofagrlCulturalpopulatio n, the expa ndingspe ed of Cultiv ated land in Xinga n allia n c eisfaste st,
r e cla m atio nis m o stinten s e.
1･2 Regio n al distin ctio n ofalte r atio n
1.2.1Newly re claimed 王a nd
Fro m1990to 2000
,
也e are a ofn ewly re claim ed la nd in e asttw o allian c es a ndtw o citiesin
ln n erM o ngolia a m o u ntedto 1 36.35×10
4hm2 . In wbicb
,
the ar e ain Hulunbeier allian c e w asthe
m o st
,
c a m eto58･39×104hm2;se co ndly, C hife ngcity, c a m eto 29･69×10
4hm 2;Thele ast w a sin
xinga n allian c e, only2 1･30x10
4hm2･
The ne wly re claim ed la nd in Hulu nbeier allian ce m o stly distributed inits s o utheast a nd
n orthw est w o odland andgr asland reg10 n･ Within m o rethante nye ars, the total are a of fo rest
r ecla m atio n and m eado w r e cla m atio n r espe ctiv ely c a m eto 21･19×10
4bm2 a nd35･39×104hm 2･
The are a ofn e wly r eclaim ed land in Ar o ngba n n er, M olida w aban n er, Eergn n a city, Elu n chu n
auto n o m o u sba n n er and Ew enke auto n o m o u sba n n er w asthe m o st
,
the n e wly re claim ed
m e adow and fわr est w ere allm o rethan l･00×10
4
bm2･ Espe cially M olida w aba n n er a nd
Elu n chu n a uto n o m o u sban n er, their r eclaim ed are a respe ctiv ely c a m eto 12･80×10
4 hm2 a nd
14.58×104hm 2.
The distribution ofn e wlyr e claim ed land in Xingah allian c e w as c o mpa rativ elyho m ogen e o us･
Itdistri buted in otherfo u rban ne rs e x c ept Wulanha ote clty, r e spe ctiv ely c a m eto 7･73×10
4
hm 2,4 ･85×10
4 bm2,5･86×10
4 bm2 and 2･67×10
4
bm 2 ･Tbe r e cla m atio n w as m ainly gr assla nd
r e cla m atio n
,
which oc cupied 85･22% ofthe whole re claim ed land･ For Ke erqin ban n er, ther e
w as o nlyl･36×10
4hm2fわrestr e cla matio n.
The rlewiy r e claim edla ndin C hifeng cityfoc us ed o ngras sland,its ar e a o c c up ying86 %of
the whole･ In the whole city, e x c eptLin xi co u ntyandKalaqin ba n ner, otherbann ers all had
differe nt are a ofgr assla ndre cla m atio n.
To nglia o cityalsofo c u s ed o ngra ssland re cla matio n, o c c upied 87.7% ofthe whole city.
Like wis e
,
e v e ryban n erofthe city all badr e cla m atio n, the m o stre claim ed a re alied in Zhalute
ban n er, o c c upied 35･9 %ofthe whole gr assla ndr ecla m atio nin this city
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且.2.2･Re紬 r m ed c u馳畳Ⅴ如 ed 且盈md
Fro m1990to 2000, thetotalar e a ofretu m ed c ultiv ated landin easttw o alliances 琵ndtw o
cities a m o u ntedto 31.51×10
4hm2 . The are a ofretu rn ed c ultiv ated la nd in H ulunbeier allian c e
w asthe m o stinit
,
c a m eto 24･94×104hm 2;se c o ndly, To nglia o city, c a m eto 3.56×10
4bm 2;The
le ast w asin Xinga n allian c e, onlyO･98×10
4bm
2
･
Fo r Hulu nbeier allia n c e
,
the r etu m ed c ultiv ated land was m o stly ln the s o uthw est
Hulunbeier s andyland･ W ithin m o retha nten ye arsits retu m ed c ultiv ated land into gras sland
ca meto 243xlO
4hm2
,
o c c upied97.4 %ofthe whole･ Ew enke a utono m o u sbanrler, X in ba erhu
le氏 ba n n er
,
Cbenba erbu ba n n er which lied in s a ndylandr espe ctiv elybad retu m ed cultivated
land 7.78 hm2,3.2 1hm
2
and11.7hm
2
.
For Xingan allia n c e,the retu rn ed c ultiv ated land w as v ery s cattered, a ridits strength w a s
n ot e n o ugh,to o. ForC hife ng city and Tongliao city, thedistributio n of de- c ultiv ated land w as
v ery con ce ntrated･ The ban n er s r etu rn ed c ultiv ated la nd into gras sland and for est w ere alm o st
Aluke erqin ba n n er, Keshikete ngban n er, W en niute banner and Aoha nban n er which lied in
Keerqin des erts･ At the s a m etim e, the are a ofr etu rn ed c ultiv ated la nd to fo restin Chife ng
c anto n w aslarger, o c c upied 36.2% ofthe whole ar ea ofretu rn ed cultiv ated land. In Naim a n
ba n n er ofTo nglia o city,the ar e a ofretu rn ed c ultiv ated la nd to fo rest ca m eto l･14×10
4hm2
,
o c c upied52･8% ofthe whole retu rn edcultiv ated la ndtofo re st･
2 Fo r est
2.1Cha nges ofo m ni-a m o ll mt
Fro m190to2000,the are a of fo r estin easttw o ania n ce s andtw o citiesin In ner M o ngolia
decr e as ed, n e a rly81･04×10
4
hm
2
･ A bo ut52･98×104hm2fo restin Xinga n allian c edecr eas edinit,
the a m o u nt w asthefirst ofthefou ral1ian c es and cities;Seco ndly, Hulunbeier allian ce, fo rest
decr e as ed 24･70×104 hm2; The changes of fo restin C hife ng city and To nglia o city w er e n ot
obvio u s, r espectiv ely de cre as ed l･15×10
4 hm2 and 2･2 1×104 hm21 Ac c ording to the forest
changes, within m or ethante nye arsthefわrestdestru ctio n andland r ecla m atio nin Xinga n
allia n c e and Hulu nbeier allia n ce had obviou sin且u en c es o nthe for est cha nges ofthe tw o
allia n ce s. ､
2.2. Regio n aldis也I Ctio n ofalte r atio n
2.2.1. Fo r estdestrtlCtio n
Fro m190 to 2000
,
the are a of fo restdestru ctio nin e asttw o allian ces a ndtw o cities w as
84.48×104hm 2. The ar ea of fore stdestru ctio nin Xingan allian c e w asthe m o stinit, thefo rest
de cre as ed 53.28×10
4
bm
2
;se condly,=ulu nbeier allia n ce, de cr eas ed 24･88×10
4 hm2;The le ast
w asin C hife ng city, onlyl･85×10
4hm2･
ForXingan allian c e, fo r estprl m ari1ybec a me gr as sla nd,m o stlydistributed in Keyo ubefore
ban ner, occ upied98･57% ofthe whole cha nges･ At the s a m etim e, forestdestru ctio nledto
1.36×104bm2landr e cla m atio nin thisba n n er.
Fo rHulu nbeier allian c e, the de cre as e o nf r est m o stly res ulted 丘orplarge s c ale of fo rest
destru ctio nandla ndr e cla m atio n. Fro m1990to2000,2.12x1 0
3km2for estdec re as ed be c au s e of
for estde stru ctio n a nd landre cla m atio n
,
o c c upied 85･17% ofthe wholedecr e ase o nf restinthis
allia n ce. Land re cla m atio n w as m o stly c on centr ated o n Aro ng ban n er, M olida w aban n er,
Elunchu n a uto n o mou sban n er a nd C henbaerhule氏ba n n er. The area of forestdestru ctio n and
land re cla m atio n w as re sp ctiv ely up to 3･09xlO
4
hm
2
,
10･61xl O4 hm 2,6･19xlO
4 hm 2 and
1.03×104bm 2.
2.2.2 Fo r estation
A tthe s a m eperiod, the total ar e a of fbrestation in the e ast tw o allian c es a nd tw o cities
w as3･44xl O4hm21 Atthis point, the are a of fo restatio nin To ngliao city w asthe most, within
m o rethantenyea rs a m o u ntedto2･26x10
4hm 2
,
a c c o untedfor6 5･7 %ofthe wholefor estatio nin
e ast tw o allian c es andtw o cities,the otherthr ee allia n c es andcitieshadc ertainfor estatio n,to ol
3M eado w
3.1 0m ni- a m o Ll nt Cha nges of m e ado w
Fro m1990to 2000,the area of m e ado win e ast tw oallian c es a ndtw ocitiesinIn n erM o ngolia
de cre as ed, n early 49･03×10
4 hm2･ Ho w ev er, cha ngesdi ffer edfro m e ach other･ The ar e a of
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m e ado w in Cb血 ng clty, To ngliao city a nd Hulu nbeier allia n c e alldec re as ed, r e spe ctiv ely
22･81×104 hm2
,
2 1･17×10
4 hm 2 and 9･59×1 04 hm2･ on the co ntrary, the are a of m e ado w in
Xinganallia n c ein cr e as ed 4.53×lo
ヰbm2 .
3.2Regio n al dist畳n ctio n ofa托e ratio m
3.2.1FF O m m e ado wto n o n_ m e adow
Fro m1990to 2000, 104. 4×1 0
4 hm2 m
･
e ado win e ast tw o allia n c es a ndtw o citie sin in n er
Mo ngoliabe c a m e n o n- m e ado w andre cla m atio nbec a m ethe m ainfacto rfo rthede cre as e o nthe
are a of m e ado w. W ithin rn o r etharltenye ars m e ado w re cla m atio nledto the de cre a se o nthe
are a of m e adow 102.76×104bm2, acc o u nted fわr 9 8･39% ofthe whole de cr e as e o n m e ado w,in
the m e an while
,
1･68x1 04hm2 m e ado w c o mpletelydege n er ated intola nd dif{lC ultto us ebe c au s e
of desertific atio n o rbe co ming s altyland.
Me ado w re cla m atio n and m eado w degen eratio n w er equ ltepopularin east tw o allian c e s a nd
tw o cities･ Ow n ing tO r ecla m atio n, 35･39xlO
4hm2 m e ado w inHulu nbeier alian cede cr ea s ed;
25･56xl O4 lm2in C hife ng city;2 4･16xlO
4hm 2in To ngha o cityand1 8･2 8xlO
4hm2in Xingan
allia n ce.
3.2.2Fro m n o n- m e ado wto m e ado w
At the s a m eperiod,barr enput-do wn o rfo restfellingr esulted in 5 5･41x10
4hm2in cr e as e o nthe
area ofm e ado win e ast tw o allia n c es andtw o cities･ For estfellingledto24･1 7×1 0
4hm2in cr e ase
o n m e ado winit;Re山 皿1ng Cultiv atedland ledto26･77×10
4hm2in cre as e o n m e ado w.
Ho ⅥJe V e r, Changes
di 飽red 丘o m tho s e
br e adth of m e ado w
26.01×104 bm
2
and
and charlglng br eadth ofthe are a of m e ado win ev e ry allian ce and city
of entire e ast reglO n･ In the tw o allia n c e s and tw o cities , thein cr ea sl ng
ar eain Hulu nbeier allian c e a nd Xingan alliance w aslarger, r e spectiv ely
2 2･81xlO
4
hm
2
, r e spe ctiv ely o cc upied46･94% a nd 4 1.17% ofthe whole
m e ado win cre as ein e astreglO nin ln n e rM o ngolia.
In the m e a n while,thefacto rsfo rthe a re a changes ofm eado w w er e v ariou s. Forthein c re as e o n
the are a ofm e ado win Hultlnbeieral1ia n c e, the m ain facto r w as r etu rn 1ng Cultiv atedla nd;for
Xin an allian ce
,
m ainlyr esulted &o mfo r estfelling･
4 Pr oble m sinla ndu s e a‡1d c o u nte rm ea stlr eStOla nd r es o u r ce s ustain able tlSe
4.1 fa r mbelt
The pres ent m ain proもle m sinla nd su ein clude sthatla nds ec o ndary s aliniz ationis s erio u s,
drain a nd irrlgatio n syste m is n ot perfect en ough, a nd w ater r es o u r c e u s e rate is lo w. In
m ou ntaino u s a nd upland are a, the n atu re c o ndit o nis v erybad, and a gr eatde al ofr e claim had
re sultedinfearfullossofsoiland w ater.
Itis n e c ess aryto take s o m e c o u nter m e asu r es thatin clude that to take de- c ultiv atio npolicy
to changethe situ atio n of dryla nds uper adv a ntage stepby stepin badnatu r e co nditio n a re a;to
buildm or efa rmland irrlgatio n w o rks,tode v elop lrrigableland, paddyfielda ndv egetableland,
a ndtobuildand de v elopbas esthatpr odu c e co m mer cial fo odstuff,fat, fruits ands ub-fo odstuff
in w ellspn ngar ea.
To develop s av e- w ater agricultu re･ W ith littledr ain age are a as u nit, Basing o nsav e- w ater
agn cultu re, thede m o n stratio npr oje cts that tre atdesertiflC atio n synthetic ally w o uldtake effe ct
o nimpr o v e m entoffarm belte n vir o n m e nt andsu stain able u se oflandr es o u r c e.
4･2 pa sttlringa re a
The m ain proble m sin clude that m atching betw e en w ater and gra ssis n ot suitable;
en vir o n m e ntis &a ngible;us e ofgr assla ndis n otbala n c ed;lo ng-te rm exc e s sbro w slng;agre at
de al of grasla nd had s alinizated; c o n stru ctio n le v el of gr assland is lo w; ability of
c o u nterdis asterispu ny.
Co u nte rm ea su r es and suggestio n stolandr eso ur c e s u stain able u s ein cludethat: to e nfo rc e
co n stru ctlng Ofgrassla nd;tcl de v elop and utiliz e w ater res o u rc e re as o n ably;to ban ass a rtlng
gr assla nd in diso rder;tobuildn atu ralprotectio n zo n e;to takethepolicy of
"do uble c o ntr a ct” in
pas仙rlng ar e a
4･3 agrictlture a ndpastu r einte rla ced z o ne
T he m ainpr oble m is that the phen o m e n on of s aliniz atio n, lo ss of soila nd w ater arid
de s ertific atio n arethe m o stserio u s.
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Co u nter m e as ur esto land res o u r ce s u stain able u s einclude that: □by pla n n lng together,
distributing re as o n ably, a nd optimizing the str u ctu re ofla nd u s e, to beigbtenl皿d u s e rate a nd
ec o n o micaleffe cts; m egarding w ater a simpo rta n ce, fo rest a ndgrassland as r o ot,implantatio n
as c e nte r
, to take agric ultu re synthetical de v elopm ent policy･ By impr o v lng Pr odu ctio n
c o ndit o n a nd environm e nt, integrating ec o no mical effe cts, e n viro n m ent effe cts a nd so cial
effe cts, to le ad agric ultu r eto a su stain able stable har m o nio u sdev elopm ent ro ad; m o add
dev otio ntoland
, to heighte nla nd u s ele v el and inten siv edegr ee;by e xerting･Str ength ofstate,
gro up a nd individu al, integrating m ea su r es Of biology and proje ct, tO quicke n synthetical
tr eatm ent of little dr ain age are a･ Itis n e cess ary n ot o nly no w but alsoin the 血tu rethat to
in cr e as egre e n v egetatio n,to defend wind and riv etsand,toimprov e en viro n m e nt.
4.4 Fo resせzon e
The m ainproblem isthata gre atde alof &ee z e-tha w ero sio n z o n ehas c om e upbec a u se of
airtemperatu reincre aslng,fo resto v er- c utting and etc･ Thisdo eshar mto n otonlyforestc utting
but als ofo rest r es o u r c e rebirth･ Ofco urse, ther e ar e othersbadphe n o m e n o nin cluding that
cutting e x ce edingfo resting, fallex c e edinggro wthperye ar, fo restr eso urc edecr ea slng ye arby
ye ar,fo restqu alityde clin e stepby step･
Co u nte - e asur eto fわrestlandr es o u rc e sustain able u s eisba sing pr es ent c o ndit on, taking
thepolicy of
uintegrating c utting and fo r esting' s u stain able u se
”
to de v elopfo restr es o ur c eand
protectfわrest adv a ntage.
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Hu siletu
l
Ma s a n aoHar a2 FumihikoN isioI
Ce nterfわrEn viro n m ental Re m oteSe n sing' C hibaUniv e rsity,Japa n2visio nTe cb ln c
,Japa n
且｡ ⅠnせF Oductio n
The21tbc entu ryisthe e n viro n m e ntalc e ntu ry･ Ca u s eofC O2dis cha rged bybu r nlng
large a m o u ntfo ssil fuels s u ch aspetr ole u m a nd coalha sledtogree n effe ctr e s ultingl n
globalw am l ng.
In thispape rC O2 e mis sio nfr o m el ctricpo w e rco n s u mpti o n a nd relatio n ofhu m a n
activity 鮎 m the nightlight, estim atetheC O2 emissio n s withthetim e s e rie sdatafわr o n e
ye ar ofD M SP/O L S In orde rtoinc re a sethe m o nitoring a c c u r acy of DM SP/O L S, agaln
r e vISl ng m odelisto be de veloped, a ndthe n a n adv a n ced m odelto e xtr act the stable
lightwill be m ade･ Bas ed o nthe abo v ede v elopm e nt ofte chn ology'1o c ala n alysュsC O uld
be do n e･ a n alyz ethe Satelliteim age ofthe study are as a nd e stim ate the C O2 e mis sio n
and electric po w er c o ns u mptlO n Ofallpr o vin c e s a nd citie s. Atla stI willc o nflr m
statistic aldata of ele ctric po w e r c o n s u mptio n a ndthe am o u nt of C O2 e missio n. It
spr e ads the estim ate m ethod withthe a m o unt or ele ctric pow e r c o n s u mptio nbythe
a n alytic data ofD M S P/O L Sa ndthe a m o u nt ofCO2 dis charge･ Pu rpos egr apple swith
thepr oble m ofglobalw arm lngdu etothedis charge ofC O2.
Thispaperis o nthe m o nitoring, byDM SP/O L S, to fo re stfire a ndthe wide shutoff
ofele ctricpo w e r･ Onthe otherha nd, thispaper will intr odu c ethedata s eta ndthe futu r e
re s e ar ch.
2･ Ba ckgr o u nd
■1
0n the r es e ar ch of O LS/V ISc o n c e rn 1ngthelightfr o mla nd, Elvidge et all e x a cted
the stablelightin clty regl O nbytim e-s c ale data･ On the otherha nd, u slngthe u n stable
light,they als ostudiedthe m ethodby whichto in du c ethefo re stfir e･ As r egards ofthe
releasl ng Of C O 2,Elvi dge etall obs e rvedthat ther eis arelatio nshipbetw e e nthelightin
a regl O n a ndthe e n e rgya s畠o ciated with CO2. Dollet al. c o nfirmedthe r elatio nislin e ar
betw e e nthe e xpo n e ntofar e aofthelightdistributio na ndthe e xpo n e nts ofthe G D Pa nd
the r ele a s eofC O 2･ At the s a m et也 e,they a re m akingtherele a slng m ap OfCO2･Using
D MSP/OCSdata, Har a etall a nalyz edthe r elatio n shipbetw ee nthe c o n s u mptio n of也e
ele ctricpo w er a ndthe rele as e ofC O 2 in so m eparts of Japa n, Chin a a nd Kor e a. Their
re s e a rch s ugge stedthat thelight relate clo s elythe c o n s u mptio n ofelectric po we rand
the rele as e of C O 2.
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3. 鼠e s e a r eh c o 現せe n竜 免md 他e 蝕 紬 T e r e S e a r Cぬ如呼畳c s
D M SP/O L S Im age
Gain revISlng Gain r evisllg m odel
Im agelimitedby gal血
Cle ari ngn oise N R F fTlte r
im age witho utn ois e
Extr a ctlng
D N
暮夏
G凸 I■ ト
l■■lI
○
ロ
Statisticdata ofthe ele ctric
po w e r c o n s u mptio n
N R Fm ethod
D Nv alu e
Satu r ate
D Nv alu e
の補正
Deltai(
m etho(
Deltaicdata
豊富
qh l■ ト
■■ ●
O
El
Statisticdaぬ of the
r ele a s eby C O B
T he equ atio n oftbe ele ctric
pO Wer
c o n s u mptio n a ndthe r ele a s e
Figl･ Flo w chart ofre s e ar chpr o c edu r e
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A Re rgain r evising,the D M SP/O L S im age witho ut thelimitingofgain 利正is obtain ed.
Usingthe N R F filter de v eloped by Har a et al., cle arthe n ois e, afterthat the im age
witho ut n ois e willbe gotte n. Ex a cti ngthe D Nv alu efio mim age by u s e ofthe NR F
m ethod, w e c an get the D Nv alu ein e a ch r egi on . r e V ISlngthe s atur ate D Nv alu ebythe
Deltaic m ethod m odifiedn e wly, the Deltaic data, statistic data fo rthe ele ctric po w e r
c onsu mptl O n andthe statistic dataforthe r ele a s e of C O 2are gain ed. FTO m the abo v e
data
,
toindu c ethefbm ula oftbepo w er c o n s u mpt10 nandthe rele a s e ofCO2.
3･1 De v e且opm e n七 of 地e Ga量m 汲e v孟sing m odel
0wingtothelimitatio nbythegal れ,tbo ugb 仇ebody, whiche mitslight,is s a m e,the
light v alv ein diffe r e ntim age sc e n eis differe nt･ Thisphe nom e n o n willimpa ct on the
e xtr actl ng Stablelightex a ctly･ Soitis n e c es saryto de v elopthe Gain re vISl ng m odelto
deletethelimitatio ndu etogal a.
3･2 Deve且opm e n七 of 地e 血odemo e xiy a c‖he s食盈bRe 鞄ぬ七
Figu re 2 a nd Figur e3 ar ethe re s ults ofthe c orrelationbetwee nthedeltaic data a nd
the po w e r c o n s u mptio n a nd the r ele a se of C O 2. As s e e n丘o m the figu re s, the
c orr elations ofthepo w ercon s umptio n of Tokyo, Ka n s ai, Tohoku a nd Hokkaido arelo w.
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Fig2･ Correlationbetw e e nthedeltaicdate andthepow er c o n s u mpti o n
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Fig3･ Corr elatio nbetw e e nthedeltaicdate andtheCO
2
e missio ndu etothepo w e r
C O n S u mptl O n
belie v ethat the a c c ura cytoinferthe s aturate r eyis e willin crease･ M odifyingthe abo v e
pr oble m, w e c a n c orr e ct th deviation ofthe city,fo r e x a mple, , Ka n s ai, Tohoku a nd
Hok kaido
,
fro mtheline. Onthe otherhand,the n ew m odel de v eloped willbe u s ede v en
m o r e widely.
3.3 Exte ndingthe wi dthofr es e a r ch
Har a etall
,
ho w e v er
,
studiedo nthe wholeJapa n and s o m eparts of Kore a a nd Chin a,
my Do ctorthe sis will fわc u s o nthede v elopl ng Ofthe m odeltoin c r e a s eth m o nito rlng
a cc u ra cy a ndto u s eit toPa cificEaste rn c o ast,Japa n, Ko r e a, C hin a, Taiw a n a nd India n
ofs o uthern Asia.
4. Data s et
Fir stly,the data ofVISa nd TIRw er edo w nlo aded. Thedata ar efro mtheho m epage
of AGR O P E D IA.This data in clude the 1999's ar chiv edata fro m D MSP-F 13a nd
D M S P-F 14.
Refe r e n c e s
M asan ao Har乱, 2003･ Study or electric po w er c o n s u mptl O n and Carbo n Dio xide
e missio n sbyu sl ngthe data of D M SP/O LS. Diss e rtatio n, P h. D the sis, C biba u nive rslty,
Chiba.
,
16-20
,
3 713 9
,
15 0-167.
Doll,C.N. H,M uller,トP.a nd Elvidge,C.D,2000.
Nighトtim elm agery as aTo ol fわr Global Mapplng Of So cio e con o mic Par a m eters a nd
Gr e e nho u s eGa sEmis sio n. Ambio
,
29(3),150-165.
90
EIvidge,C,D,Baugh,K.E,kihn,E. A,Kr o ehl,”. W .a nd Da vis,E. R,I997a
Mappl血gc itylights W ith Nighttim eDate 鉦o mthe D M S P Oper atio n al Lin e s c a nSyste m
Photogr a m m.Eng. Re m oteSe n s. ,63,727- 34.
EIvidge,C,D, Ba ugh,K.E, kihn,E.A, Kr o ehl,H . W . , Da vis,E. R a nd Da vis,C. ,I97b.
Relatio n betw e e n s atellite obs e r v ed visible- n e arin舟ar ed e mis si6n, populatio n a nd
e n ergyc o n s u mptio n.,Int. I. Re m oteSe n s. ,18,13 73-13 79.
91
C O 朋P A 鼠丑S O N O F V 鼠G E 甘A T耳O N P H 監N O L O G Y E3濫甘W監E N
M O N G O L丑A A N D K A Z A監凝 S 甘鼠P P E S B Y 町S‡N G R E】Ⅶ0 甘取乱Y S 監N濫D
D A 甘A V EG 鼠T A 甘‡O N ‡N D E X
RikieSu z uki
l
a ndTo m oyuki No m aki
2
1
Fr o ntie rRe sヲar ch Syste mfo rGlobal Cha nge;E
- m ail: rikie@ja m ste c･goj
.
p
2
Re m oteSe n singTe chn ologyCe nte r ofJapa n;E- m ail: n o m aki@re ste c.o r.JP
Abstr a ct
Thephe n ologyofthe vegetatio n c o v e rl ng mi d-latitude As ia, thatin clude sM o ngolia
and Kazakh
,
a nd its spatialchar a cteristic s werein v e stigated u singr e m otelys e n s ed data
Nor m aliz ed Di胞r e n c eVegetatio nInde x(N D VI). The a n alysis u s ed w e ekly a v er aged
N D VIo v e r5 ye ars (1987- 1991) using the se co nd-gen er atio n
.
w eekly Global
Vegetatio nIndex data s et･ In the sea s o n al N D V Icycle, thre ephe n ologlC al e v e nts w ere
defin ed fo r e a ch pixel: gr e e n- up w eek(N D V Ie x c e eds 0.2), m a xim u m w e ek, a nd
se n e scen c e w e ek (N D V I dr ops belo w 0.2). Ge n er ally, the re w as aKa z akh-
e arly/Mo ngolia-latefe atu reinter m oftho s e e v e nts. Inthe z o n altr a n sectbetw e e n45
0
N
and 50
o
Nthat c o v ers Mo ngolia a ndKa z akhsteppe s,thetiming ofgr e en- up, m a xim u m,
a nd s e n e s c e n c e o v e rKa z akhare aw a s abo ut3.4
,
8.7
,
a nd 13.4 w e eks e a rlie rtha nthat
o v erM o ngolia ar e a, r e spe ctiv ely･ Ithas bee n s ugge sted that v egetatio n n e ar Ka z akh
onlyno u rishes du ring a shortperiod whe n w ater丘
･
o m s n o w m eltis a v ailablefr o mlate
spri ngtO e arly s u m m e r･ In M o ngolia, abu nda nt w ateris a v ailablefわrthe v egetatio n,
e v e nin mid- su m m er
,du etopr e clptatio n.
1. ‡mtr odu ctio n
Vegetation c o v ers, spr e ading o v e rglobalte 汀e Strial a rea, arer e甲Otely m o nito r ed
fr o m spa c ebys ate11ite s･ Fr o mthe1980s, globalv egetatio ndatahav ebee npr o videdby
the m e a sur e m e nts by A dv anc ed Ve ry High Res olutio n Radio m eter(AV HR R)orthe
s atellite NOA A･ N D VI
,
which isthe m o st w ell-kn o wn v egetatio ninde x,is c o mputed as
N D VI -(C h2- Chl)/(C h2.＋ C hl), whe reChland Ch2ar ela nds u rfa c e r en cta n c e of
AV H R R C ha n n els 1 and 2
,
r e spe ctiv ely･ Vegetatio n pbe nology, wbicb is str o ngly
char a cterizedbythe clim ate ofa r egl O n,is o n e oftargets or N D V トr elatedstudie s.
Su z ukiet all (2 03) established a rest
-e a st tr a n s e ct o v erSibe ria a nd so me
s urro u ndingare a s, a nd c o mpa redthe v egetatlO nphe n ologyl n W e Ste m a nd e a ste m ar e a s
u slngthe w e ekly N D V Io n a n a n n u al ba sis･ Theydis c u s s edthe v e st-e astphe n ologlC al
co ntr a stin r elatio nto s e a s o n alityin the s u脆c e airte mpe r atu re, precipitatio n, s n o w
depth, and s oilm oistu r e, a ndfo u nd inte r e sting v egetatio n- clim ate r elation in tho s e
r egl O n S･ Thepre sentpaperbigbligbts apart oftheir r es ults regardingthe pbe n ologl C al
c o ntra stbetw e e nKa z akhsteppe and Mongolia steppe. This study will le adto abette r
u ndersta ndingofthe es s e ntialclim atologic alimplic ations ofs eas o n alv egetatio n cha nge
inbothr egl O n S.
2･ Data a nd a n alys e s
This study an alyzed the w e ekly N D V Iand hydr o m et or ol glC al m e a s u r e m e nts
m ade at s uぬc estation s, a veraged fわr1987to 1991(5 ye ars). W e r egardthe 5-ye ar
m e a n v alu e sfo rthe s efiv eye a rs a s repr s e ntative ofthe n orm al v alu es oftho s e
para m ete rs･ For s o m edata s ets, ho wev e r, tim e spa n s otherthan 1987to 1991w e re
s ele cted bec a u s e ofthe u n a v ailbiltyor datafわr198 7to191.
W eeklyN D V Ivalu esfro m1987to1991w er e obtain edfr o mthe s e c o ndgeneratio n
w e ekly Globa=/egetation lnde xdata(0.144× 0.144 degre e spatialre s olutio n)(Kidw ell,
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1990)･ This study c arried o ut horiz o ntal a ndte mpo ral s m o othing pr o ces s e sfor the
w eekly ND V I data. As fo rthe ho riz o ntal s m o othing,(1)the N D V Ⅰv alu e at a pix el
(N D V I-a)w a s c o mpar ed withthe m e an N D V I(N D V I･- 孤)a m o ngthe 8pixels ar o u nd
N D V I- apix el,(2)ifthe diffe re n c ebtw e e nN D V I- a a nd N D V I- m w as over0.1, N D V ト
a w a s repla c ed by N D VI- m . Asfわrthete mpor als m o othing, the highe stN D V Iv alue
a m ongthree weeks of w e ek
u
n -ln
,
w e ek u nm
,
and w e ek ” n ＋1
n
w a s adopted fo rthe
N D V Iv alu e ofthe w e ek ” nn for e a chpixel.
Surfa c e air te mperatur e a nd pre cipitation data &o m 1987to 1991w e re obtain ed
fro m the C D- R OM
"Global Daily Su m m ary(GD S)
”
that w a s
.
pr ovided 丘o m the
Natio n al Clim ate Data Ce nte r(N C D C) ofthe Natio n al Oc e a n l C and Atm o sphe ric
A dministr atio n(N O A A)(Natio n alClim atic Data Ce nter, 1994). Statio n sdistributio nis
shpw ninFig. 1.
Sn o wdepth valu e s at s u rfa c e statio n sfro m 1987to 1991w ere obtain edfr o mthe
C D- R O Mofthe Historic al So vietDailySn o wDepth(H S DSD)ve rsio n2.0(Ar m stro ng,
2 001)wbicb in clude sdailys n o wdepthat284 W M Ostatio n(Fig. 1). Asfb∫the s n o w
depth in Mo ngolia part, wher ethe H S D S D do es n ot c o v e r, a n alte rn ativ e s n o wdepth
info rm atio nfro m 1994to 1996w as obtain ed fro m Feder al Clim ate Co mple xGlobal
Su rfa c eSu m m ary of DayData(G S S D)Ver sio n6( 地 )(Fig. 1).
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Figu r e1 The studyar e a(A:Ka zakhar e a, B:M o ngolia ar e a),thedistributio n ofGDS
(dots),H SD S D(stars), G S S D(cr o ss e s),SWOD(squ a r e s) tatio n s, a ndthe s oil
m oistu r ein M o ngolia(tria ngle s).
Gr a vim etric s oilm ois山r edata c o v e ring U S S R by 115s u脆 c e statio n s(s o-c alled
S W O D)w er e u s ed(Fig･ 1)･ T he obse r vatio n s w er e e x e cuted 3tim e sper m o nth o n8th,
18th
,
28th丘o mAprilto October. Sin c ethe data丘o m 1988to1991ar e n ot availablein
theS W O D
,
the data ofthe S WOD fr o m1985to 1987w er eu s ed as a n alte rn ativ e. The
total sdil.m oistu revalu es(v olu m etric)in 0 - 10c m depth layer wer e utiliz ed fo rthe
a n alysis･ In Mo ngolia, soilm oistu r edata at42statio n s ar e a v ailable on 7, 17, 27tb of
e v ery m o nth 丘o m Aprilto Octobe rforthepe riodfr o m1964to 1993(Robo ck et al.,
2000;se eFig･ 1)･ This a n alysis us edthetotal s oilm oistu r e v alu ein 5 - 1 0c m depth
layer舟o m1987to191.
Fiv eye ar m e a n ofw e ekly N D VIw a s c alculated bya v er agl ngthe w e eklyN D V Isin
the s a m e weekfro m 1987to 1991･ T he fir st a nd la st w e eks ofthe ye ar w e re n ot
calc ulated be c a u s e3- w e ek m o vlng m 弧im lZl ng pr o c e ss W a sdo n efわrthe ND VItim e
s erie s
･ In addito nto N D VI, 5(or3)-ye ar m e a nte mper atu r e, pre cipitatio n, a nd s n o w
depthfro m2nd w e ek(8 - 14Ja n u ary)to5 1st w e ek(17- 23 De c e mbe r)w e
.
r e c alc ulated･
The s oilm oistu r e valu e s w er e utiliz ed a sthe orlgln a1 3tim e/m o nth v alu e l･e･ they w ere
n o亡c o n v e rt d into w ekly.
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3. 汲es Ⅶlt由
3｡且 M e a mN D V 耳s e a s o n a且cyclein Kaza地 象nd Mo喝0且豆a steppe s
To e xa min ethe s e ason al char a cteristic ofthe N D V Ia n n u altr e nd
,
the m e a n we ekly
NDV Ivriation w a s c alc ulatedin Ka z akha ndMo ngolia ar e as(se eFig･ 1)by a v eraging
allthe pl X el v alue within e a ch are a(Fig. 2). The s eas onal cycle orthe N D VIsho Ⅵ′s
obvio u s u nim odalv ariatio n
,
thatis,the N D VI in winterindic ate s s m allv alue, andthe n
itshows adr a m aticin c rea s e(gr e e n-up)in springto s u m m e rfollo w edbythe o c c u rre nc
ofthe m a xim u mN D V I. n a utum n,theNDV Igradu allyde cr e a s e stothele v elofwinter.
This s e a s o n alcycle ofthe N D VIw otl ddir e ctlyr e丑e ctthe phen ologlC al cycle ofthe
v egetatio n; do r m a n cy, foliatio n, m atu r e, a nd s e n e s c e n c epha s e s ofthe v egetatio nin
the s e are a s.
Ther eis a c o n side r ablediffere n ceintheN D V Isea s o n alcycle sbetw e e nKa z akha nd
Mongolia ar e a s, e v e ntho ugh bothar e as arelo c atedin a s e mi- aridlatitudin al z o n e. The
Ka z ak h- e arly/Mo ngolia-latefe atu r eis appa re nt. The m a xim u mpe ak(0.15)in Ka zakh
ar e a e m e rge sinthe 20th w e ek(14- 2 0 May), whilethat(0.28)in Mo ngolia are aisin
the3 0thw ek(23- 29 July)A Thereis10w e eksdiffe r e n c e oftheirtimings.
w eek w e ek
5 1 0 1 5 20 2 5 3 0 3 5 40 4 5 5 0
0.4
S
c3
z o･2
0.0
45-7 5
o
E,4 5-50
o
N(Kazakh Area)
5 1 0 1 5 2 0 25 3 0 3 5 445 5 0
10 0-1 2 0
o
E,4 5･50
o
N(Mongo一ia Are a)
J F MA M J J AS O N D J F M A M J A S 0N D
m onth m o nth
FigⅦr e2 Se a s o n alcycle ofthe N DVIaveragedinthe Kaz akha nd Mo ngolia ar e a s.
3.2 We st- e astpho n ologic alC o ntr a stin a z o n a且tr a n s e ct(45N - SO N)
In this s e ctio n, thre e spe cific w e eks a r epicked a sthe tim i ng Par a m eter Of
phenologic al ev e nts ofthe vegetatio n;(1)gre e n- uptim edefined bythe w e ek whe nthe
N D VIe x c e edsO･2 flrSt tim eintheyear(W - a),(2)the m a xim u mtim edeflrled bythe
w e ek at the a n n ual m axim u mN D VIo c c u rr e n c e(W -b), a nd(3)the s e n e s c e n c etim e
defin ed bythe w e ek whe nthe N DVI dr opsbelo w0.2first tim e afte rthe o c c u rre nce of
the m a xim u m(W - c). In the z o n altr a n s e ct of 45- 50 N, W -a, W -b, a nd W -c w er e
e x a min edin r elationto clim atologlC alpa r a m eter s.
Figur e3 show sthe me a nW - a, W -b, a nd W-c, a v e r agedo v erthepl X elsinindividu al
s outh-n orthstrips, which w er eO･144 degr e eslo ngitude wi de,inthe z o n ebetw e e n45
o
N
a nd 50
o
NI T here w ere800stripsfro m3 0
oEto145oE
,
a ndea ch stripcontained34 N D VI
pl X els. Pix elsfo r whichthe a n n u al m a xim u mdidn ote x c e ed 0.2 w er e e x cluded fr o mthe
calc ulatio n oftbe m e a n v alu e s. T he s m o othed lin e s w er edr a w n.
For W - a a nd W -b, a we st- early/e a st-lategr adie nt w a s appar e nt･ Ne ar60
o
E, W -a a nd
W -b w ere w e eks20･4 a nd 21･7, respe ctiv ely, while n e ar1lO
o
E, they we re weeks23･8
a nd 30･4･ Ther e w e r e3.4- a nd 8.7- w e ektim elagsin W - a a nd W-b, re spe ctively･ W -c
wa s r elativ elylatein w e stof 5 0
o
E
,
wher e a sit w a s e a rlie stbetw e e n55
o
E a nd 70
o
E(i.e . ,
95
n e arthe Ka z akhsteppe). W ⊥c w a s13.4 w e eks earlier ne a r. 60
o
E than n e ar llOoE.
M or e o v er
,
thetim ebetw e e nW -ato W - c w a s n otic eablyshort(3.8 we eks)inthe Ka z akh
r egi on,illu stratl ngthe sho rtgr o w i ngS e as on the r e.
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Figu r e3T he w e st- e a stpr oflle ofthe w e eksinthe451 50
o
N zo n altr a n s e ct whe ntheN DVI
e x c e ed d O･2(a),theN DV Ia n n u al m a xim um o c c u r red(b), a ndthe NDV I dropped belo w
O･2(c)･ The s olid lineisthe s m o othed lin epr oduc ed u singalow -pa s sfilte r.
3i3P he n ologic alc o ntra sta nd clim atologic al ba ckgr ou nd
lnthe45
0
Nto50
o
N tr a n s e ct
,
theKa z akha nd Mo ngolia ar e as㍗?re s el cted(Fig･ 1),
a nd Fig･ 4 c o mpar e se a s o n al cycle sin w e eklyte mpe r atu r e, pr e clpltatio n, s n o wdepth,
a nds oilm oistu reforthstwo ar e a s. The s oilm oistu r ein the Ka z akhare ais m e a nfro m
1985to1987･ The s n o wdepth in the Mo ngolia ar e ais m e a nfr o m1994to 1996. The
othe rstatistic s ar e m e a n s&o m1987to1991,the a ctu altim e spa n ofthis study･
Co n spic u o usdiffere n c e sbetw e e nthe s etw o ar eas ar e s e e nintheirpre c iptatio n, sno w
depth, a nds oilm oisture･ In the Ka z akhar e a, the s n ow w a sde ep(abo ut26c m)inlate
Febm aⅣ, a nd itdis叩pe ar ed in mid April･ Altho ugh s oilm oistu re data befわr eM ar ch
w er e u n a v ailable
,
a ndthe statistic alpe riod w asfr o m1985to 1987, the s oilm oistu r ein
the Ka zakhare a w a shighe st(10･3 m min s u rfa c e10c mlayer)in ea rlyApril, whe nthe
s n o whad alm o st 血ished m elting･ Subs equ e ntly, the s oilm oistur edecr e as ed to a
minim u min August･ The s m alla m o u nt ofpr ecIPltation in the Ka z akh a re a w a s
in s uf{1Cie nt to stopthede c r e a s ein s oilm oisture. Other statistic s a r e m e a nfro m198 7to
1991.
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m onth m o nth
F五gⅦF e4･ The se aso n alcha nge ofthe w e eklyte mper atu re, pr e cipitatio n, s n o wdepth, a nd lO
-
dailys oilm oistu r eintw o s e mi- arida rea s:Ka z akh(1e氏r o w)a ndMo ngolia(rightr ow)areas
in45- 5 0Nz o n e. The statistic alpe riodofthe s oilm oisturein Ka z akhar e a a ndthe s n o w
depthin Mo ngolia ar e a ar e1985- 1987a nd 1 994 - 1 996, r e spe ctiv ely･
Inthe M ongolia ar e a,thepr e cipitatio n sho w ed a n obvio u sunim odals e a s o n alcycle,
with a m a xim u m(22m m/w e ek)in midJuly. Altbo ugbthe sn ow w as n ot a sde epin
winter asinthe Ka z akhar e a
,
the s oilm oisture r e m ain edr elativ elyhigh(ar o u nd10m m
inthe5 - 10c mlayer)from Aprilto Octobe r. The s efa cts s ugge st that w ate ris a v ailable
for vegetatio ninthe Ka z akh ar e a o nlyfo r a v e ry shortperiod a洗er s n o w m elt, andthat
this s e as o nis the o nly tim ethat v egetatio nno urishe s. Consequ e ntly, the v egetatio n
m atu r e sin late May whe n w ater&om m elting s n o wis stillabu nda ntin the s oil. In
addito n
,
the spa n丘o m W - ato W -c(gr owings e a s o n)i the Ka z akhar e ai畠c o n sider ably
sho rtertha nthat in the Mo ngolia a re a. In the M o†唱01ia ar e a, large a m o unts of
pre cipitatio nin s u m m er s uppo rt the o c c u rr e n c e ofth m atu r e stage ofvegetatio nin mid
s u m m er
,
8.7 w e eks aRerit o c c u r sinthe Ka z akhar e a. Itis alsopo sible that the winter
s oilte mper atu r ein the Ka zakhar e aiskepthigherbythethicks n o w c o v e r c o mpar ed
withthe Mo ngolia ar e a, po s siblyindu cingthe e arliergr e e n- upinth
'
e Ka z akhar e a･
4. Co n clⅦsio n
The pbenologic alr egio n ality ofthe v egetatio nin steppe ar e as(Ka za姐 and Mo ngolia)
in mid-latitude Asia w asin v e stigated u slng r e m otely s e n s ed data N D V I･ The 5-ye ar
(1987- 1991) m e a n w e ekly N D VItim e s erie s w a s c al ulated fro m the s e c o nd･
gene r atio n w e ekly G VIdata s et, which c o v er sthe e arth with a O･144 degr e e spatial
re s olutio n･ Te mper atu r e, pr e cipitatio n, s n o wdepth, a nd s oilm oistu r e s e as o n al cycles
wer eexa min edto 血erpr et the s e a s o n alN D VIcycle･
T hr e ephe n ologic ale v e nts w e r edefin ed a ndc alc ulated fo r eachpix el:gr e e n- up(W -
a), m a xim u m(W -b), a nd s e n e s c e n c e(W - c) weeks･ Ge n er ally, ther e w as aK z akh-
e a rly/Mo ngolia-late c o ntrastin allthree e v e nts･ In the z o n ebetw e e n45 Na nd SON,
gre e n- up, m a xim um , and se n e s c e n c e o c c u rr ed n e ar60 E(Ka z akh)abo ut3･4, 8･7, a nd
13.4 w e eks e arlie rtha n n e a r1lOE(Mo ngolia), r e spe ctiv ely. The v egetatio nin Ka z akh
鮎u risbe sdu ring a sho rtperiod whe n s n o w m eltis a v ailble 舟o mlate springtO e arly
s u m m e r
,
whilein M o ngolia, abu nda nt w ate ris a v ailablefo rthe v egetatio n, e v e nin mid
s u m m e r
,
du etothelarge a m o u ntofpr e cipitatio n･
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A bs七ra e七
On e ofthe n atu r al dis a ste rs o c c u rlngin Mo ngoliaisdr o ugbt･ Dr o ught c a u s e slo ss e s
of live sto ck
,
innu e n ces hu m apfo od s e cu rity, als o v ery s e riosly affe cts e n vir o n m e nt;
la nd degar adatio n a nd desertiflCatio n, wildfire and w ater deter o ation･ This study
pre s e nts re s ults ofu slng Of Re m ote Se s n sl ngdatafo rdr o ught m o nito ring, c o mparisio n
of dr o ughtinde x es o rlg n ated&om Re m ote s e n si ng a ndgr o u nd obv s e rv atio ndata a nd
cha nge s of bothindex e spa st ye ars･ Re s ults sho w dr o ugbt 丘
･
e･quen cy, s e v erity and
affe cted ar e aha v ein c r e as edsignifica ntlyforpa stye ar s, e spe cialys lnC e1995.
2. Ⅰntr odⅦctio n
Dr o ugbtis a nin sidio u sha z ard ofn atu r e･ Altho ugh ithas s c o re s ofde丘nitio n s, it
orlgl n ate Sfr o m adeficie n cy ofpr e cIPltatio n o v er a n e xte nded period oftim e, T his
deflCien cyre s ultsin v egetatio ngr o w a nd w atersho rtage s･
68 %of Mo ngolia is dr o ught pr o n e, m o st affe cted by dr o ughts ar e c entrala nd
s o uthe m regl O nS･ In the s e r eg1 0 n S ev ery ye ar O Ve rdr o ugbt 仙 50 days o c c u r o n c e2-3
ye ars･ In pastye a rsdr o ughtfrequ e n cy a nd inte n sityha v ein c r e ased as a r e s ult ofglobal
clim ate cha nge s.
No m adicliv e sto ck dire ctlydepe nding o n n atu r al c o ndit o n sisthe m ostimpo rta nt
e c o n o mic br a nch of Mo ngolia, pr odu cing35･7% ofthe GD P･ In M o ngolia, the reis a
spe cific r elatio nbetw e e ndr ought a nd liv esto ck･ Ifanim alsdo n othav e6
1
n o ugh w eight,
fat and n utrie nts du ringthe sho rt s u m m er a nd autu m n s e as o ndu eto dr ought, they a r e
un able to c ope with harsh c oldwinte r a nd sprl ng Wind sto -, a nd e a sily c an die.
The refわrein M ongoliadr o ught m o nitorlnglS urge ntlyn e eded.
Dr o ughtha sbe e n studied by m
.
anyre s e ar che rs(R･ M ijiddorjand A･ Na mkhai 1986,
L Nats agdorj2003)as m et or ol gic alphe no m e n o n u sing gr o u nd
･
obser v atio ndata. To
study dro ught u si ng O nly spars egro u nd data a nd m ete o r ol gl C al indic ators ar e
in sufrl Cie nt.
T be p 叩O S e Ofthis studyisto m o nito rdr o ught u si ng Re m ote s e n slng a ndground
data.
3･ Data u s ed a nd m ethodology
NOA A N D V I 1 0-day co mpo site 8 km r e s olution datafr o m1982to 2001m o nthly
ave ragete mper atu r e a nd s u m ofprec IPltatio n at25gr o u nd statio n s&o m1940to 2003,
at68statio n sfro m 1982to2002at68gro u ndstatio n s.
In o rderto distinguish dr o ught- affe cted a re afro mde s ert ar e a a nd other n o n e a nd
le s s vegetated ar e a, dr o ughtis co n sider edr elativeto s o m elo ng-te - a ve r age c o nditio n
of m ete or ol gic al a nd v egetatio n, a c o nditio n oRe n pe rc eiv ed a s
"
n orm al
”
and
"
capa clty
”
.
Re m ote s ensi ngdata allow sdefiningdr o ughtdistribution, affe cted ar e a, &equ ency,
se v eritya nde nd/start tim e m o r e a c c u rately･
Drotlghせ inde x(D ‡)bas ed o nN D VIu sing Re m ote Se n s ed data e xpressed a s
follo ws :
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D瓦-(N D V瓦m a 文一 N DV丑i)/(N D V 瓦m a x- N D V瓦mim) (且)
NZ)VT = ch 2
- chl
ch2＋chl
Wher e
,
ND VIm ax - Longter m m 弧im u mvalu e of N D V Iatpoint, N D V Imin
- Lo ngte r m
minim u m v alue of N D V Iatpoint, N D V Il - Cu rre nt v alu e of ND V Iatpoint･ ch2-
rene cta n c e at0.58-0.68LLkm , chl- r e凸e cta n c e atO･72- 1･l pkm . Longte rm v alu e s of
N D V Ia rediffer e ntdepe ndingde c ade a ndpla c e･
Valu e or D Iv arybetw e e n0(n o ndr o ught, v egetatio n c o nditio nis e xtr e m ego od)to
＋l(v erys e v e redr o ught)･ Dr o ughtstart/tim eisdefie n ed bydate whe nD Icro s e e sD I- 0･5･
Pa且m e rinde x(P D SI)bas ed o ngr o u nd m ete o r olgic alpa r a m eter sisdefi n eda s:
t ^
P D SI-;
(P - P)｡K
(0.30 9t＋2.69)
whe re
,
P D SI- Palm erDr o ught Se v e rity Inde x, t - m o nthly a v er age temper atu r e, K -
c o effic e nt o n clim aticfa cto r, P-P -pr e cipitatio ndeficie n cy. P D SIr a nge s&o m -5(v ery
s er e redr o ught)to ＋5(v ery w et).
4]. Results
T heP D SItr e nd fo rthela st62ye ars&o m194 0to2002 is sho w nin flgu r eI. P D SI
is a v e r aged v alu e o v e rthe wholeterritory of Mo ngoliaforgr o w ingS e as o n,fr o mJu n eto
Augu st. Periods ofP DSI in c r e a sl ng appro xim ately ar e1944-1959, 1980-1994, of
de c re asing 1959-1980, 1994-2002. Ac c o rding to the Palm er
'
s dr o ught s eve rity
clas sific atio n se v er ed o ughts o c c u rr ed7tim e sin 1944, 1978, 198 0a nd c o n s e c ute v ely
1999-2002
,
m oder ate 10tim e sin 1942
,
1946
,
1947
,
195 1
,
972
,
1981
,
982
,
198 9
,
1998a ndsligbt8tim esin 1941, 948, 1949,1952,1957, 1968,1979,1997. Sin c e1994
dr o ughtinte n sityhasbe e nin c r e as edsignifi c antly.
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Figtlre1. P DSIcha nges nfo r1940-2 0 3.
1 0
On eofthe adv antage s ofrem ote s e n singdatais c o ntinutyin spatialandte mpor al
s c ale･ The refo reRe m ote s e n s ing auo w sto defin edr o ught affe cted a re a a nd dur atio n
m o r e a c c u rately･ Figure 2 sho w sdr o ughtinde x av e raged o v erthe vegetatio n m aturity
pe riod, c o ntinu ed fr o mlstJulyto 20th Augu st, a nddro ught affe cted ar ea sllightlya nd
s ev e rlyfわr1982- 0 3, obtain edu sl ngr e mote s e n sl ngdata･ Te nde n cy of dro ughtinde x
(D I)chan軍es are si mi 1iar_
to P D SⅠcha nge s･ Sin c e1998dr o ughtse v e rity a nd affe cted
ar e aha v ebe e nin cr e as edsignific a ntly.
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Fi卵 r e2･ Dr o ughtindex cha ngesfo r1982- 003, obtain ed &o m Re moteSe n singdata
Aver eged v alu e of D Io v er1982- 003is pr es e nted in Flg･3･ In the s o u rtpart of
Mo ngolia v alu e of D Im o r etha nO･5 m ea n sdr ought, e spe cially dr o ught
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Figllre3. M ea n v alu e ofDI fo r1982-2003
Co mpa risio n of P DSIa nd D Ishowed go od c o 汀e SpO nde n c e･ Figu r e4 sho w s
correlatio n c oefficie ntbetw e e nboth inde x es･ Correlatio nin steppe are ais highe st, in
fore st ar e ais w e ak･ It c a nbe explain ed bythatfo r e st arele s ss e n sitiv eto atm o spheric
dro ught than gras s e s withsho rtr ootgr o w l nglnthe m o storar e a.
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5. Co n clⅦsio n a nd dis c Ⅶs Sio n
M o ngolia haslarge teritory, harsh clim ate, spe cific agrlC ultu r al syste m with
adequ ate n u mbe rsof liv e sto ck(28millio nhe ads)and low populatio n(2･3 millio n)･
M o st are as of Mo ngolia are v uln erableto clim ate abn o - alities, s uch a sdro ught･ The
dro ughtm o nito rl ng C a n n otbe efficie ntlydo n e u sing O nlyc o n v e ntionalgro u nddata with
spa rs e sta土io n s, e spe ciallyin bigb m o u ntain ar e a s, de s erts a nd rem ote ar e a witho ut a ny
in丘a str u ctu r e.
For c o untries,like Mo ngolia Re m ote s enslng fo rdr o ught m o nitorlngl Simpo rta nt
to ol. Palm e rinde xislimited du eto u si ng m o nthly a ndpo lntdata･ Results ofthis s山dy
sho w dr o ught c a nbe m o nitor ed effe ctively, c o ntinu o usly a nd ope r atio n ally u slng
Re m ote Se n slng data･ It do e s n
'
t m e a ngr o u nd ba s ed dr o ught m o nitoring lS u S ele s s･
Palm erindexis u s ed for atm o sphe ric dr o ught, droughtinde xba s ed o nN D V Iu si ng
Re m ote s e n sl ngdatafo r agrlC ultural dr o ught･ Co mbin edu s e ofboth indexes c a n clo s e
s o m egaps a ndgiv e u s m o r e c o mplete n e ssintemporala ndspatialc o nte xt･
In tbe 氏血 re
,
w e sho u･1d impr o v e r e m ote s e n sl ng te chniqu e s, e xte nd re s e ar ch
activities o ndr o ughtstudy a nd e stablish e arly w a rn 1ng Syste m On dr o ught･ Espe cially
studie s o ndr o ught m odeling, s ele ctio n of appr opriate a nd adequ ate dr o ughtinde x e s
ba s ed o nRe m oteSe n sl ng, dr o ughtimpa cta s s e ss m e ntsho uld behighlighted -
Refe r e n c e s:
1･ M ･ Baya sgala n･ Dr o ught m o nitorl ngPro c e edings ofln stit 山e ofHydr ologya nd
Mete or ol gy,No2000page35-42
2
3
4
M ij ddorjR, Na mk hai A. Dr o ughtatla s･ U la a nba atar1986
Palm e rC. W Mete or ol glC al dr o ught. W ashingto n1968
Prin c eS.D
,
Ju stic eC.0 . Co ar s eRe s olutio nRe m oteSe n slng Ofthe Sahelia n
En vironm e nt. Inte rn atio n al Jo u rn alof Re m oteSen slng, Vol.12,1135-142 1
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statespe cialized in spe ctio nAge n cy
Absせra c七
Atm o spheric optic althickhess(A O T), which is c alc ulated in c e rtain spe ctralregion,
is o ne ofthe m ain pa r a m eter sforatm o sphe ric c or rectio n ofsateliteim age ry･ In this
paper w eha v e s u m m ariz edthe r e sults of m o nthly m e a n v alu e s ofatm o spheric optic al
thickn e s s e s
,
which a r e c alc ulatedbydire ct s olar r adiatio n m e as u re m e nts of infra r ed,
photo synthetic ally a ctiv e,biologic ally a ctiv e(UV)a nds ola r spe ctr u m ma xim u m(5 10-
65 0n m)spe ctralregio n s,in U la a nba atar city of Mo ngolia. Weha ve show nthe r elations
betw e e nthe su n
'
s altitude a ndthe atm ospheric opticalthickn e s s, by u s lng m o nthly
m e a n v alu e s ofdir e ct s ola r r adiatio n
,
which w e re m e a s u r edin50gr adatio n orthe s u n
,
s
altitude a ngle.
i. Ⅰn七r odu ctio n
Solar r adiation re a chingthe gr o u ndis atte n uatedby absorptio n a nd s c atte ri ng by
atm o spheric m ole c ules as wellasparticle s. Atm o spheric optic althickn e s sis v ariablein
spa c e a nd tim e a nd a n a c c ur ate e stim ateis m adeby m e a s u rlngthe dir e ct s ola r r adia n c e
at thegr o u ndby u sl ng a S u nPhoto m et r or a n a ctin o m et r. Inthispaper w eha v e u sed
ho urly m e a s u r e m e nts or dir e ct s olari汀adia n c e, wbicb w e re obtain ed by A T-5 0
actin o meterdu ring199 ト2001,in Ula a nba atar city(q)-47
o56'
,
九- 106o5 0'), Mo ngolia.
In o rderto m e a s u r e sp ctr alc o mpo sitio n ofs ola r r adiatio n w eha v e u s edthe W G-8,
YG-I8
,
R G-15
,
R G-19gla ssfilte rs, which ar etr a n spar e ntfo rthe w a v ele ngthsgre ater
tha n380n m
,
510n m
,
650n m
,
710n m
,
re spe ctiv ely･ Usingthe s efilter sw e m e a s u r ed
dir e cts olarirr adia n c e a ndc alc ulated atm o sphe ric 叩tic altbicbess e sfわrthefbllo w lng4
spectralregl O n･
｡ photo syntheticallya ctiv e r adiatio n(380≦九≦710n m)- P A R
･ biologic ally activ e or ultr a- violet(九≦510H M)- U V
･ infr a-r ed(九≧710H M)- IR
◎ s olar spe ctru m m a xim u m r?gio n(510≦九≦650H M)
For c alc ulatio n ofatm o spheric optlC althickn e s s w eha v e u s edthefollo w lngform ula･
r = 1 ln
S
A l
m S
A1 (1)
Wher e
,
T
A 1
0. A′l
- atm o sphe ric optic althickness ofthe c o n sideredspe ctr alregl O n, m
-
atm o spheric optic alm a s s, S
A 人
- m e a sured dir e cts ola rirr adia n c e ofthe c o n sider ed
spe ctralregion, S
｡､A l
- S Olar consta ntofthe c o n sider edspe ctr alregio n(Table1I)
Table t. Solar c o n stantofthe spectr alregio n s, W /m
2
spectralreglOn S
0.△1
九≦510tIM 34 4.2
380≦九≦7 10n m 587.5
5 10≦九≦650HM 25 4.3
九≧710rIM 69 3.4
1 0 3
2｡ 鼠e s Ⅶ且食s
By u singthe data &o m the co n sider ed spe ctr al regio n a nd Equatio n(1) w eha v e
c alculated A O T
'
s v alues. Thetable-2 sho w sthe m o nthly m e a n v alu e s a nd sta ndard
de viatio n s of A O T in Ula a nba atar, in 1991-2001. In addito n, in o rde rto c o mpar ethe
r es ults withotherr es e a r che s w ehave sho w nthe m o nthly m e a n v alu e s of A O T(525-63 0
n m spe ctr al r egio n), which w er e c al ulated by G･ M ･Abakum o va, M o s c o wState
Univ er sity,in Ru s sia.
甘ab且e 2. M o nthly m e a n v alu es a ndstandard de viatio n s ofAOT
∫ ⅠⅠ Ill ‡V V VⅠ V Il VIⅠI ⅠⅩ Ⅹ ⅩⅠ XIl site n a m e Ye a r
P A R 0,383 0,412 0,47 8 0,501 0,493 0,51 9 0,530 0,5 04 0,453 0,41 7 0,41 3 0,4 07
cd
≡:コ
O
bJ)
⊂:
O
∑
b
p
局
CC
. 亡)
喜
eO
≡)
1 9 9 ト
2001
Stde v 0,0 4 7 0,069 0,069 0,078 0,106 0, 92 0,111 0,135 0,100 0, 85 0,0 70 0,0 67
tJV 0,585 0,601 0,67 2 0,693 0,72 2 0,74 4 0,716 0,681 0,641 0,5 9 0,65 8 0,5]4
Stdev 0,059 0,098 0,08 1 0,1 06 0,13 7 0,1 28 0,1 1 9 0,12 0 0,115 0,100 0,13 8 0, 80
510-650n m 0,220 0,2 20 0,2 39 0,2 10 0,231 0,22 9 0,256 0,256 0,233 0,19 0,2 21 0,215
Stdev 0,018 0,023 0,05 5 0,0 1 5 0,041 0, 20 0,051 0,059 0,0 4 5 0,036 0,020 0, 10
IR 0,137 0,160 0,198 0,23 2 0,26 6 0,27 7 0,284 0,276 0,226 0,193 0,2 24 0,161
Stdev 0,O15 0,01 2 0,022 0,029 0,057 0, 56 0,060 0,068 0,061 0,0 43 0,056 0,02 8
525-63 0n m 0,188 0,32S 0,3 5 0,386 0,39 9 0,32 9 0,3 7 7 0,396 0,31 0,243 0,2 23 0,23 4 M os c o w,
Ru ssiaStde v 0,082 0,139 0,106 0,128 0,lil 0,1 2 1 0,140 0,1 2 2 0,103 0,060 0,05 6
Figur eI. sho w sthe ye arly cha nge s of m o nthly m e a nvalues ofA O T, which
c o rre spo ndedtothe abo v e m e ntio n ed 4spe ctr al r egions. T he v alu e s ofAOT ofU V
reg10 n W e regre atertha n o也er spe ctral r eglO n S
'
v alues tbrougb the ye ar, m aybe it
depe nds o nthe m ole c ular s c attering a nd o z o n elaye r abs orptl O n･ Fo rthe U V, P A Ra nd
IRspe ctr alr eg10 n S, AOT in c r e a s e sin s u m m er s e as o n a ndr e a che sthe m a xim u m v alu e s
inJu n e orJulya ndde c r e a s e sin winter s e a s o n a ndr e a che sthe minim u m v alu esinthe
De c e mber orJa n u ary. Fo rthe s olar spe ctru m m a xim u m r egio n(5 10≦九≦65 0H M),ther eis
ape c uliarity,thatA O T ha s a stable chara cte rthr o ughaye ar.
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Fr o mthe Table 3. o n e c a n s e ethe minim u m a nd m a xim u m v alu e s of A O Tofthe
spe ctralr eglO n S.
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甘a払且e3. The minim u m a nd m a xim u m v alu e s of A O T
spe ctralr eglO n m l nl m u m M a xim u m
UV(九≦510Ⅰ‡M) 0.514 0.744
PA R(38 0≦九≦710n m) 0.383 0.530
IR(九≧710H M) 0.13 7 0.284
Solar spe ctru m m axim tl m
(510≦九≦650H M)
0.199 0.25 6
In Table4-7 w eha v esho w nthe m o nthly m e a n v alu e s ofatm o spheric optic althicknes s
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r e ve althe r elatio n sbetw ee nthe s u n alt加de a ngle a ndthe atm o spheric optic altbickn e ss･
Forthe U V
,
P A Rand IRr eg1 0 n S, ther e w a s adepe nde n c ebetw e e nthe s u n altitude
a ngle a nd AOTthro ugh a ye ar, e.g. whe nthe s u n
'
s altitude a ngle r ais e sthe v alu e or
AOT isin cr e a s ed(Figu r e2,3,4)･ Fo rthe s ola r spe ctr u m m a xim u m r egio nthe r e w a s n'ta
c e rtain relatio nbetw e e nthe s u n's altitude a ngle a nd AOT(Figur e5).
Table4･ M o nthly m e a n v alu es ofatm o spheric optl C althicknes sinP A R,
which w e r e m e a s ur edin5
0
gradatio n ofthe s u n
,
s altitude a ngle
I Ⅰ ⅠII IV V VI VI VIII I X Ⅹ ⅩI XI
10- 0,3 30 0,3 0 7 0,3 99 0,362 0,271 0,37l 0,305 0,332 0,315 0,303 0,3 53 0,332
15- 0,3 98 0,393 0,418 0,3 94 0,340 0,433 0,43 0,356 0,346 0,336 0,393 0,432
20- 0
,
4 20 0,420 0,426 0,435 0,403 0,390 0,423 0,394 0,4 5 0,3 95 0,417 0,458
2 5- 0,45 0,4 4 1 0,533 0,521 0,510 0,485 0,4 24 0,4 22 0,488 0,372
30- 0,487 0,4 7 2 0,493 0,5 29 0,465 0,509 0,5 6 0,474 0,485 0,532
3 5- 0,497 0,5 2 7 0,520 0,593 0,591 0,51 5 0,506 0,497
40- 0,528 0,579 0,534 0,54 1 0,587 0,495 0,560
45- 0,62 4 0,580 0,562 0,630 0,5910,5 98 0,5 9
50- 0,493 0,563 0,586 0,579 0,593 0,679
55- 0
,548 0,577 0,596 0,61 9 0,737
60- 0
,580 0,605 0,696
Tables. M o nthly m e a n v alu es ofatm o spheric optic althickn e s sin UV r eg1 0 n,
I ⅠⅠ ⅠⅠⅠ IV V VI VII VIl lX X X I ⅩlI
10-1 5 0,52 0 0,47 9 0,556 0,487 0,410 0,496 0,437 0,488 0,467 0,45 0 0,542 0,4 2
15-20 0,59 0,5 5 0,567 0,589 0,5 55 0,640 0,654 0,51 4 0,477 0,5 1 1 0,589 0,566
20-25 0
,
635 0,583 0,647 0,62 0,669 0,600 0,608 0,603 0,617 0,599 0,643 0,555
2 5-3 0 0
,
648 0
,
667 0
,
63 6 0
,
703 0
,
720 0
,
682 0
,613 0,641 0,668 0,62
30-35 0,738 0,69 0 0,7 1 3 0,733 0,698 0,727 0,752 0,710 0,703 0,678
35-40 0,774 0,761 0,810 0,810 0,714 0,675 0,700 0,663
40-45 0,700 0,787 0,750 0,751 0,807 0,777 0,748
45-50 0,7 71 0,812 0,84 6 0,8990,784 0,77 0,766
50-5 5 0,000 0,798 0,889 0,824 0,823 0,798
5 5-60 0,72 5 0,792 0,857 0,81 4 0,813
60-65 0,782 0,8860,827
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甘a払且e6. M o nthly m ean v alu e s ofatm o spheric optlCalthicknes sin王Rr eglO n,
Ⅰ II III IV V V I V IIVIII IX X X I XII
10- 0,12 2 0,1 45 0,1 7 4 0,22 3 0,14 0 0,194 0,1 51 0,188 0,14 0 0,135 0,1 6 9 0,1 4
15- 0
,
137 0,151 0,1 7 0 0,2 0 0,2 3 5 0,237 0,247 0,200 0,168 0,162 0,195 0,14
20- 0,15 1 0,161 0,187 0,190 0,187 0,2 02 0,24 4 0,203 0,192 0,176 0,2 36 0,19
25- 0,168 0,192 0,2 0 9 0,290
'
0,264 0,2 39 0,240 0,2 08 0,2 12 0,205
30- 0
,
1 73 0,2 0 0,2 1 0 0,299 0,2 42 0,279 0,268 0,230 0,22 0,31 4
3 5- 0,225 0,2 4 4 0,2 7 9 0,34 3 0,299 0,284 0,260 0,251
4 0- 0,2 32 0,266 0,267 0,2 72 0,329 0,309 0,3 05
4 5- 0,20 1 0,254 0,2 96 0,36 1 0,32 4 0,343 0,306
5 0- 0,00 0 0,2 4 8 0,302 0,2 7 5 0,340 0,352
5 5- 0,2 72 0,298 0,330 0,34 0 0,3 74
60- 0
,329 0,322 0,3 37
Table7. M o nthly m e a n v alues ofatm o sphe ric optlCalthickne s sin s olar
SPeCtru m m a Xl m u m r egl O n,
Ⅰ II II lV V VI V II VIII IX X XI X I
1 0-15 0,237 0,179 0,22 2 0,1 9 4 0,165 0,188 0,1 53 0,2 19 0,1 71 0,174 0,2 20 0,2 04
1-5-20 0,2 01 0,225 0,247 0,201 0,169 0,2 40 0,2 57 0,2 00 0,22 3 0,158 0,2 26 0,2 22
20-25 0,221 0,236 0,22 1 0,207 0,187 0-,22 4 0,273 0,2 14 0,263 0,186 0,237 0,2 20
25-30 0,2 3 2 0,22 5 0,204 0,264 0,245 0,3 1 5 0,240 0,197 0,1 97 0,187
3 0-35 0,2 2 7 0,215 0,204 0,214 0,2 28 0,266 0,2 26 0,2 17 0,22 0,236
35-4 0 0,205 0,2 1 7 0,2 45 0,2 52 0,304 0,2 59 0,2 14 0,2 5 7
40-4 5 0,371 0,237 0,273 0,222 0,276 0,221 0,263
45-50 0,207 0,2 2 9 0,236 0,2 49 0,193 0,263 0,312
50-5 5 0,000 0,191 0,261 0,218 0,21 3 0,3 32
55-60 0,2 18 0,2 45 0,203 0,249 0,386
60-65 0,281 0,2 4 5 0,3 12
A O Tv e rs u sthe s u n
-
s altitude a ngle(P A Rregio n)
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3. Co m c且tRSio m
l･ In thispape r, w eha v e su m m arizedthe m o nthly m e a n v alues ofAOT, ba s ed o n
dir e ct s olarirr adiatio n m e a s u r e m ents du ring 1991-2001 in U la a nba atar･ The
v alu e s of A O Tin U Vr egio n 耶 er egr e ater也a n other spe ctr alr egl O n S
'
v alu e s
thr o ughtheye a r, m aybeitdepe nds o nthe m ole c ular s c atte ring a nd ozo n elayer
abs orptl O n･ Forthe U V, P A Ra ndIRspe ctr alr egi o n s, A OT incre as e sin s u m m er
s e as o na ndr e a che sthe m a xim um v alu e sinJu n e o rJulya ndde c r e a sesin winte r
s e as o n and r e a che sthe minim u m v alu e sin the De c e mber o rJa n u ary. Fo rthe
s ola r spe ctrum m a xim u m r egio n(5 10≦九-<650H M), the r eis apec ulia rity, that
A O Tba島 a stabile cha r a cterthr o ughayear.
2･ ㌢u sing m o nthly
mea n v alu e s ofdir e cts olarradiatio n, which w er e m e a s u r ed in
gradatio n orthe s u n
'
s alti山de a ngle, w eha v etriedto r e v e alr elatio n ship
betwe e nthe sun
'
s altitude a ngle a nd atm o spheric optic althickn e s s･ Forthe UV,
P A Ra nd IRr egi o n s, there w a s a r elatio nbetw e e nthe s un
'
s altitude a ngle a nd
A O Tthr o ughaye ar, e.g. whe nthe s u n
'
s altitude a ngle r ais e sthe v alu e of A O T
isin c re ased. Forthe s olar spe ctru m m a xim u m r egl O nther e w a s n
'
t a c e rtain
r elatio nbetw e e nthe s u n's altitude a ngle a nd A O T.
Refe r e n c e
l. Report of s cie ntifl C
Ula a nba ata r
,
1998
,p.
2. Report of s cie ntifi c
U la a nba ata r, 2002,p.
pr oje ct
” Light s c atterl ng in the Earth
'
s atm o sphe r e
”
,
118
prqje ct "Physic spr o c es s e sin the Ea血
'
s atm o sphe re
”
,
102
3. A baku m o v aG . M .
,
Plal血in aI.N .
,
Tar a s o v aT.A . " Estim atio n ofa e r o s oloptic al
也ickn e ss u slng gr O u nd もa s ed a ctin o m et r m e a s u r e m e nts
”
,
Mete o r ol gya nd
Hydr ology, 1989,二悼lo, M o s c o w
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L A N E)CO V 監鼠 C 諏A N G 鼠 朋二ON 丑甘O R瓦N G 瓦N 】覗O N G O L瓦A
M . Erde n etuya
*
a nd Sh. Mu nkhtuya
*
* Natio n alRe m oteSens lngCe nter, M N E
Em ail: m }rde n etuya@yaho o.c o m, mtuya@yaho o･c o m
A bsせr acせ
Clim atic innu e n c e s can affect s u stain able use of la nd re s o u r c e s aspa stur e.
Vegetatio n c o nditio n a nd/o rLa nd c o v ertype s ofthe c o u ntry ar e s e n sitiv ely cha ngi ng
upo n clim ate cha nge s a ndbu m a nimpa cts. W ithinthela st60ye ar s, airte mpe r atu r eha s
in cr ea sed by1･66degre e s a ndthetotalpr e clptatio nha s alm o stn otcba nged･
T he m ain go als ofthis w o rk areto monitor pa stu r e withinthelast20ye ar s u si ng
lo ngterm N O A A m D V I data s et a nd,todete r min ethepre s e ntstatu s ofla nd c o v e rtype s
a ndtodete ct their cha ngesin M o ngolia.
Key w ordsIPa stu re, Clim ate cha nge, vegetation coverdyn amics,landc ove r changes･
1. 瓦n七r odu c七io n
M o ngoliais the m o st aridc o u ntryin thehe art ofCe ntr al As ia, with 70perc ent of
the populatio ndepe nding o n n o m adic live sto ck husbandry. Today the nu mbe r of
livesto ckha s re a ched 26mi11io nhe ads a ndthe pa sturela ndo c c upie s m O retha n80per
c e nt ofthe te ritory. Life style s ofthe Mo ngolia n s stillr e凸e ct the depe nde n c e o n
n o m adic syste m sde v elopedinba m o ny witb 也elarge ste xpa n s e ofinta ctgr as sla ndsin
the w o rld. Histo ric allylo wpopulatio nde n sities ofno m adicpastoralistshave utiliz edthe
richgra s sla ndr egl O ntOgra z etheir mix ed herds.
M o st ofthe c o u ntry e xperie n c e ari dto s e mi- aridc o ndit o n s char a cte;iz edbyhigh
a n n u alr ainfallv ariability a nd lo w rainfallwiththe o c c u rr e n c e of dr o ught aTldhe a vy
winte r(dzud) as n atu r al pbe n o m e n o n a. Tho se eco syste m sa re contr olled m or eby
clim atic e v ents a nd s equ e n c e s, pa rtic ularly r ainfall, tha nby equilibr atl nginte r a ctio n s
a mo ngthebiotic compo n e nts oftbe syste m.
Pa sto r al a nd wildlife e c o syte m s of Mo ngolia po s e.challe nglng m a n age m e nt
pr oble m s as s o ciated within cr e asl ng iv e sto ckpopulatio n s,long o r sho rtter mva riatio n
in pr e cipitatio n, fa ngela nddegr adatio n, alte r atio n ofpa storal m igr atio npatte rns a nd
clim ate cha nge(Sn e ath 1998, Ojim a 201). Duringthela st60ye ars, the a n n u al ir
te mper a山r ehasin c r e asedby1.66degr e e sin a v er age a ndthetotalpr e cipitatio n a m o u nt
has alm o st n otcha nged. Ho w e ver, m a ny a spe cts ofthetr aditio n aln o m adic c ultu r eha v e
cha nged affectlng S u Stain able la nd u s e a nd v egetatio n c o v e rfo rpa sto r al liv esto ck
pr odu ctio n. In additio n, there are a n u mber ofobse rv atio n sindic atlngthat vegetatio n
c o v eris de c re asl ng a ndthatitha s a n egativein且ue n c e o ntheliv elibo ods ofpa stor al
peopledepe nding on the natu re.
To m o nitorland c overtype s a ndto dete ct their cha nge s o v e rSele nge riv e rba sin
do n e u sl ngLa nds atT M data of 1989a nd 2000.
2. S 紬dya r e a
Mo ngolia
_ 11Too5n6eEO;忠:
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by C hin a, a nd ha s atotal ar e a of 1,565,000sq･ km (604,250sq･ mi). M o ngoliahas a
109
populatio n ofm o retha n2.4 millio npe ople. Ba sic of Mo ngolia n e c o n o myisliv e stock
far m lng･ Theliv e sto ckpopulatio nis m o retha n26mi11io n and agTI C ultur alare ais m o r e
tha n790
,
00 he ctar es.
Thetopogr aphy of Mo ngolia c o n sists m ainly ofaplate a ubetw e e n abo ut9 14a nd
1524m(about3000a nd 500 0 免)in elev ation broke nby m o u ntain r a nge sinthe n o rth
a nd w e st･ Thegre ate rpart ofthe highlands c o n sistof m o untaino u sar eas withge ntleto
ste ep slopes, which arepla c ed w e ste m, n orthern a nd s o uthw estparts of Mo ngolia･ T he
Altai Mo u ntain sinthe s o uthw e stris etoheights above42 67孤(14,000氏1
0v e rM o ngolia n200type s ofpa s山r elandc o u nted m or etha n2200spe cie s ofpla nts
a nd its600pr ovi de sthe c u rtain a m o u ntofforage a nd n atu r al hayfo rthelivesto ck
ye arly.
W ithinthela st s e v er alye ar sthepasture c o nditio ndegr aded inte n siv edu eto har sh
w e ather a nd in c re asl ng ive sto ck population a nd conc e ntr atio n ofpe ople, e spe cially
a r o u ndurba nar e a sdu etotheB･e e m arket.
Selenge and Orkho n Riv erBasin
The study area fo rla nd c o v er m apping lSlo c atedin the n o rth part ofMo ngolia
betw ee nlatitude40
oN - 50oN
,
a nd betw e e nlO4oE - 108oE
, Landsats c e n es132- 5and
13 2- 6. T he a re ais cha r a cte riz ed by a gr e atdiv er sity ofla nds c apes. M o u ntain r a nges
a nd ridge s ar e c ove r ed withfわr e sts a ndgr a s sla nd. The c entr alparts orthe embedded
v alleys a nd plain s ar e m ainly a r able, inte rs e cted a nd s u rr o u nded by pa s山r e(wide
野assla nd)･ M o st ofthe ar e as are m ainly c overedby pa stu r e･ Tr a v er sing riv e rs.a nd
I nte rspe rs edlake s ar e a c c o mpa nied by rich m e ado w s. The altitude atle v elofthe rlV er
v alleys falls fro m a v e r age lOOOm in the s o uth to 600m in the n o rth, s u rr o u ndig
m o u ntain ra nge s ar e叩 tO2000m high.
Crop m o nitoringl SPart Ofthis study a ndther e ar e7 s o u m s selected forthis study
(thr e e
.
s o u m sfr o mSele nge aim ag: Ero o, Orkho n a nd Ts aga a n n u u r;thr e e s o u m sfr o m
Tu v al m ag:Ja rgala nt, Ts e ela nd Ugta alts aida m;a nd o n e丘o mDarkha n :Kho ngor).
3. Data a nd m ethods
Gr e e nle ave shave chara cte ristic r e凸e cta n c eprope rtie s r elatingtotheir function in
photosynthe sis･ Photo synthetic ally a ctiv e r adiatio n (P A R; 0.4-0.7トL m) is largely
abs o rbed while n e arinfrar ed(0.7-0.5ト皿)is sc atter ed a ndrene cted. The s erene cta n c e
cha r a cteristic sha v e e n abledthede v elopm e nt ofa n u mbe r ofv egetatio nindic e s. On e of
the m o st com m o n v egtatio nindic esis the n or m aliz ed v egetatio ndiffer e n c einde x
(N D VI)which isthequ otient ofthe differ e n c e a nds u m ofthe n e arinfr ar ed(N IR)and
red re鮎cta n c e
,
N D VI- (R EI)- N IR)/(RE D＋ N IR) (1)
where
,
R E D- cha nnel2of N O A 〟A V H R R data(visible r edba nd - 0.58-068トLm)
N IR- cha n n el 1of NO A A/A V H R R data(n e arin丘a r edba nd - 0.725-1.10トL m)
Ne ar-in&a-r ed(N IR)is str o nglyr ene cteddu etothe stru ctu r alpropertie s ofle ave s
a nd re s ultinghighdegre ofs c atte ringinthepla ntc a n opy(Tu cke r1 979). Asle afc over
in cr e as e s
,
chlo r ophyllabs orbs a nin cr e asl ng fra ctio n of red light･ Calc ulatio n ofthe
N D V Ir esultsinplX els withathe o r etic al inde x v alu ebetw e e n-1･O a nd ＋ 1･0･ Vegetated
a r e a s willge n e rally yield bigb inde xv alu e s, w ater willyieldn egativ e v alu e s, a nd bar e
s oilwillr e s ultin v alu e snear ze r o･ Te mpo r alsu m m atio n of N D VIthr o ughthegr ow lng
s e as o n c a nbe us edto e stim ategr o s sprl m ary Pr Odu ctio n･
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Data from adv an c ed v e ry high re s olutio n
.
r adio m eter(A V H R R)c arried o nthe
Natio n al 0c e anic and Atm o spheric A dministrat10 n(N O A A)satellite serie?ca nbe u s edfor v egetatio n m o nito ring･ The r elativ ely c o a rs e spatialr e s olutio n(m a x l m um 8 km)
m e a n sthatlarge ar e a s c a nbe c o v er ed, whilethe bigb 丘
･
equ e n cy ofim age c olle ctio n
in cr e as e sthe cha n c e s of btaining Clo ud fr e eim age s a nd e nsur e sthat r apida nd
ephe m e r al de v elopm entsinthe v egetation ar e r e c o rded.
Altho ugh m a ny studies w ere c o ndu cted on the r egl O n,little w o rk hasbeen do n e s o
far o nthela ndc o v er m o nit ringlnPa rtic ular atlarge s c ale a ndba s ed o n r e m ote s e n slng･
T he m ain go al ofthis r e s e ar chisto a ss es s v egetatio n c o v er cha nge withinthelast20
yearsin M o ngolia, wher e adv?n e ed v e ryhighr e s olutio n r adio m ete r(A VHR R)s atelite
I m agery N O A ArN D V I 10days c o mpo site 8 km r e s olutio ndata &o mJa n u ary1982to
Septe mbe r2001a ndclim atedataha v ebe e n u s ed.
Forla ndc o v er cla s sific atio n a ndla ndc o v e r cha ngedete ctio npu rpo s e s w eha v e u s ed
La nds atT M data overSele nge riv erba sin of 1989a nd 2000.
4･ Classi鮎 aiio n ap pr o a c払
The m ain w o rkingsteps ar e asfollo w s:
◎ Ge o c odingofs atellitedata
◎ Preparatio n of m aterial fo rgr o u nd s u rv ey a nd e x e c utio n(c arried o ut for
Sele nge)
◎
㊨
◎
◎
◎
◎
De v elopla ndc o v er clas sific atio n a nd inte rpretatio nkeys
Supervis edcla s sific ation u slng e Xistl nginfo r m atio n andgr o u nds u r v eyr e s ults
Po st-pr o c essing a nd filte ring ofsystem atic e rr o rs
lnterpr etatio n andrefin em e ntofclas sific ation r es ults
Gen er aliz ela nd c o v er clas s e sintobigcla s s e s
Ge n er atela nd c o v e r cll a nge m ap
5･ C hangedete ctio n
NOA AノA V 日R R data w a s s ele ctedbe c aus e ofitshigb 丘
･
equ en cy, wide c o v e r agefわr
o n epa ss a nd lo ng du r atio n of data･ In this study, w eha v
.
e u s e二d 10days c o mpo site
NOA A /N D V I 8 km re s olutio ndata 舟o m 1982to 2 001
, pr ovi dedfr o mNOAA 伽A S A
Pathfinde rdata s et.
Using 20ye ars N DVI data w eha v e applied the n e wm ethod or
=Tw o Ye ars
Differe n c e
n
, whichis s ubtra ction ofthe c u rr e ntye a rs
' N D VIv alue fr o mthepr e vio u s
years
'
v alu e ofc o rr e sponding gr o u ndpoints･
cNDV I= ∑‡N D V恥j,(k-A)トN D V I(i,j,良)‡ (2)
whe re,i,j,k - N D V Iv alu e ofir o w a ndjc olu m nin c e rtainkye ar
The diffe renc e v alu e s of c ons equ e nt 2 ye ars we re separ ated into 2 gr oups as,
n egativ e v alu e sindicatingin cr e a s e o r n o cha nge(c oded as0)fro mpr evio u sye ar a nd
po sitiv e v alu e s ar ed c rea se(c o°ed a s1), a ndthe s u m m ariz ed v alu e s c o uldsho wthe
n umber ofye a rs withN D V Idecr e asl ng･
6, Res ults
Vegetation co v e r cha nge m o nito ring
Qye rwholete rritorv ofMong olia
1 1 1
Usinglo ngte r m10 days N D Vヱc ompositeim age s w e c a ndetermin ethetempor al
a nd spatial vegetatio n changes. Ac c ordingtothelo ngte n valu e s ofN D VIw eha v e
e stim ated m o nthly, s e a s o n ala nd 10 daysdyn a mic s o v er M o ngolia.
As M o ngoliaha s sho rts u m m e r s ea on andln ge n er al, thepe ak ofv egetatio ngro wth
fitsin Augu st with in shortduration ofgr o w ing Pe riod, 丘o mJu n eto e arlySepte mbe r･
T he m o nthlylo ngter m a v e r age ND VIwithin 1982- 2001a nd 10 days dyn a mic s of
19 92are sho w lngin Fig･ 1･ In ge n er al, 19 94w a squite w etye ar a nd 2001w as m o r e
dr o ughtye a rwi th inthe abo ve20ye ar sofstudy.
a. b.
Fig･ 1･ N D V I dyn amic s, a･ m o nthly m e a nND VI dyn amic s, 1982- 00 1
b･ 10 days of N D V I dyn amic, At噂u St, 1992
Fr o mN D VI dyn a mic s w e c o uldestim ate onlyv egetatio n c o nditio n ofc ertainpe riod･
Als o w e c o uld deter min ethe v egetatio n c o nditio nby c o mparis o n withlo ngter m m e a n,
m a xim um and minim u m of N D V Iv alu e s. Fr o mthe sta ndardiz ed de viatio n of N D V I
with in 20ye ars w e co uld distnguish dr o ught, n o rm al ndgo ods u m m erlng ye ar S･
In orderto e stim ate N D V Icha nge s, w eha v e u s edTw oYe a rsDiffe re n c e m ethod of
c o 汀eSpO血ding10 days within1 982-20 1.
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Fig･ 2･ ND V Icha nge sbetw e e nM ay - .Sep,1982- 2 001( 0 days)
The re s ults show ed which pla c ehad de cr e as e o rin c r e as e of N D V Ic o mpar edto
previo u sye ar,this c o mparis o nha s repe ated withinthes e20years, a nd its o utputc o uld
illu stratethatbo w m a ny ye a rsN D VI ha sde c r e a sed at the s a m epla c e･ InFig･ 2 w eha ve
sho w edthe spatial distribution or N D V Icha nge s a ndthegre e n c olor co re spo ndsto n o
change orin cr e a s e ofN D V I, c olor s&o myello wtob rightr ed c olor sho wthe &equ e n cy
of N D V I de cre as e･ Yel o w sho w slo we r a nd r ed sho w shighe rfrequ e n cy of ND VI
decr e a s es.
Du ringthe 20ye arsin e a ch m o nth 鉦o m M ayto Septe mbe r o c cu rr ed m a xim u m9
ye arsbad N D VI de c r e a s e s ov e rM o ngolia･ Espe cially,in Mayl n S O uthe m a nd e a ste m
r egi o n s,inJu n e, July a nd in Septe mbe rpartly ln allregi on s, a nd in Augu st ce ntrala nd
e a ste rnregl O nShadthe n egativ ein瓜u en c e o n v egetatio ngr o wth. In24.4 - 3 2.7% ofall
territo ry o c curr ed o n eye a rde c re a se of N DV Ia nd in 18% o c c urr ed m o retha n3ye a rs
frequ e ntdec r e a s e ofND V I.
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N D VIchan ges o v e rdiffere nt aim a E S
Ac c o rdingtothelongterm N D VI data w ec ould e stim ateits dyn a mic s o v er s o m e
pa rtof Mongolia as,fro m aim agle v elupto s o u m a nd bagle v el.
W e ha v e s ele cted 4aim ags 丘o m diffe r e nt n atur al z o n e sto c o mpar etheir N D V I
dyn amic s a nd their N D V Idyna mic s w er c o mpletely v a ryl ngfr o m e a ch other. But al
tbses aim agste rrito rie sbad c o m m o n cha ra cte risticsthatye ar of 1994w as o c cu 汀ed a s
bests u m m erlngfわr allaim ags.
Du ringthe study pe riod,the Um n ugobiaim ag, which is e x a mple or des e rt zo n e, had
alw ayslo werN D VIv alu e s a ndle s s cha nge s a nd Bulga n aim ag(m o u ntain z o n e)had
highestN D V Iv alu e s･ The Du ndgobiaim ag
'
sterritory c o v er edsteppe a nd de s ert steppe
z o n e s
,
butits N D VI dyn a mic s sho w sthat m o stpart ofthis aim ag
'
s territoryis de s ert
steppe･ N DVIv alu e s of Sukhba atar aim aghadm or efr equ e ntcha nge s, whichm e a n sthe
steppe zo n eis mu chs e n sitiv etothe w e athe r v ariabilitytha n othe r aim ags(Fig. 3).
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Fig･ 3･ N D V Idyn a mic s of 4aim ags,Ju n e- Augu st, 1982- 001
In Fig･ 3 the r ed gr aph belo ngs to the Arkha ngal aim ag a nd blu e, gr e e n, o r ange
c olo rs c o rr e spo ndingtothe Su姐ba ata r, Du ndgobia ndUm n ugobiaim ags, r espe ctiv ely･
A lthe s e aim agsN D V I dyn a micshad differ e nt tr e nds･ Fo r e x a mple, Sukhba atar aim ags
te 汀itorybad N D V Icha nge sin e a ch 3-4ye ars, butintotalin badin c r e a singtre nds,like
O･060- ･3 52u nits aye a r, which c o uld be related with pr e cipitatio n a m o unt. In
Arkha ngal aim ag o c curr ed de c r e asl ngtr e nd ofN D V Iv alu e sin O･053- 0.247.
La nd c o v e r cla s s e s
Theinterpr etatio nkeyhelpsto o rga niz etheinfo r matio n a v ailbleintheim agedata
for a spe cific topic, like la nd c o v e r classificatio n a nd to c o rr e ct/ide ntifyunkno w n
featu r e cla s?e sduringfurther w o rk･ Itr e c o m m e nd dto de s c ribethe appe ar an c e ofea ch
cla s sbythe sta nda rd char a cteristic s or im ageint叩 r etatio n a ndto gl V e e X a mple s･ As
a ny I m age a n alys上s, regardle s sinte rpretatio n o r a uto m aticte chniqueisinthe e nd a n
individu al pro c e ss, itis impo rta nt to e ns ure a s m u ch a spo s sible a syste m atic a nd
c o n site ntide ntifi c atio n.
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Ba s ed o n of{1 Cialla nd co v er clas syste m w em adethefollowl ngla nd c o v er cla ss e s
fr om satelliteim agery･
Tablel･ La nd Co v er class e s o v erSle nge riv e rba sin
No. C 丑a s s
A. Pastu r e a nd Gr a s s且amd
2. Ar ab且e且a nd
2.1 Cropped/v egetatio n co ver
2
.1.1 High de n sitycropla nd
2.1.2 Mediu m/1o wde n sitycr opla nd
2.2 Fallo w
,
aba ndo n ed
3. Fo r est
3.1 Co nife r o u sfo r e st
3.2 De cidu o u sfor e st.
4. Rive rin e
5. Btl r nta r e aS
5.1 B umtforest
5.2 Bu rntpa stur e/gr a ssland
6. Ba r es oil/e r oded a r e a
7. W etla nd
8. W ate‡･ bodies
9. ■Ⅰn免･a stru ctu r e
W hile s upe rvis ed classific atio n w as v e ry us efu l fo r distinguishing la nd c o v er
feature s
,
spe cially fo r e st types a nd pa stu re. For la nd c o v er cla s sific atio n study w e
cr e atedGIS databa s e
,
whichc o n sits ofthefbllo w l ngdata s et:
1･ M ain ge ogr aphicfe atu r eslike administr ativ ebo u nda rie s,lake s, r o ads,riv e rs,
a ndr elief(sc ale1:500, 00)
2
3
4
La nd u s e map of Sele nge aim ag(sc ale1:500, 00)
Eco syste m m ap orSele nge r egion(s c ale1:5 00, 00)
Fire m ap, whichpr odu c ed&om N O A A A V H R R data of 2000
Clas siflC ation acc u r a cy w as m or etha n90% ･ Fig･ 4 sho w sla nd c o v e rm aps of 1989
a nd 2000.
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Toge n er atela nd c o v e r cha nge m ap w e n e ed dtoge n e r aliz ela ndc o v er cla ss e sinto
6 big clas s es, Cr opla nd, For e st, Ba r es oil/er odedla nd, Pa s山r e, W etland a nd Water
bodie s.
A鮎rge n er alizingla ndc o v e r cla ss e s w er ege n er ated la ndc o v e r m aps of 1989a nd
2 000(Fig･ 5)in ordertodete ctla nd c o v er cha nge s(Fig. 6).
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Fig･ 6･ La ndcover cha nge m ap of Sele nge - Tu v aim ags
Nu m e ric alvalu e s ofla ndc o v e r cha nge sin198 9a nd200 0sho w,the r e a re notic e able
change sin s o m e clas s e s, u ch a s cr opla nd, for e st a nd e roded ar e a･ In other w o rds, the
la nd c o v er cha nge a n alysis dete rmin edthat fro m 14to 53perc e ntage of la nd c over
clas sesha v e cha ngedto a ny othe r clas s e s･ For e x a mple, the ar e aofar ablela ndr edu c ed
by15 2,000he cta r e s,bar e s oilo r er odedar e ain c reas edby7,3 00 he ctare s a nd fわr e sta re a
de cr e as edby120, 00 he ctare s&o m1989to2000.
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7. Co m c且Ⅶsio m
N D V I is u s ed a s a nindic ato r or r elative bio m as s a nd gre e n n e s s u nderglobal
w ar mlng･ Ifs ufficie ntgr o u nd datais a v ailable, the N D VIc a nbe u s edto c alc ulate and
predictprl m ary Produ ctio n, domin ant spe.cl eS, a ndgr a zl ng I mpa ct a nd sto cking rate s･
Inde ed, plant c o v er cha nge sthr o ughtim e withsho rt te r m rainfallv ariability;it als o
v arie sin spa c e, both asfun ctio n ofgr a zlng a nd a s a r e s ultofn atu r alv a riability･
By N D VI data ofN O A As atellite data, w e c o ulde stim atethe spatiala ndte mpo r al
cha nge s ofpastu re v egtatio n c o ndition o v er M o ngolia a ndin c e rtain r egl O n S･ T hetim e
s e rie s a n alysis sho w edthat, the v egetatio n c o ndit o n cha nged diffe r e ntly l n V ario u s
r egio n s o v e rthe teritory･ The highest &equ e n cy of ND V Ide c r e a s e r e ach d 9ye ar s
withinthelast20ye a rs a nd o v er18% ofwholete rritory of Mo ngolia s uffer ed m o r ethan
3ye ars&equ e ntde c re a se ofN D V I･
Tbela ndc o v e r change a n alysis sho w edthat44per c e nt ofthe cr op ar e a cha ngedto
pa stu r e a nd噺etland･
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A 恥sせra e食
One ofthe keyindic ators ofglobal cha nge a ndglobal w a r m i ngisthe cha nge of
v e rtic al a nd ho riz o ntaldistributio n s ofgla cie ra nd s n o wlin ein high m o u ntain r eg” n s･
The O
O
c is otherm l ine ofhelioge othe rm o spher e at w ar m est m o nth defi n es thelo w e r
bo u ndary of
u
perm a n e nt
”
s now ･ The inc re as e of global te mpe r ature c a nimpa ct
po w e rfu lly o nthe r etr e at ofs n o wlin e･ Using m odelr e s ults ofs ubs u rfa c ete mpe r atur e
reglm ein c o mparis o nwiths n o w r ene cta n c efr om s atellitedata,the r etre at ofs n o wlin e
andr ate ofglobalw ar m i ngin K ha ngai Mo u ntain Ra nge/Mo ngolia ar e a ss ed.
且｡ 甘払e scope ofpr ⑳払畳e m a 弧dba e敗g訂 ㈹ 弧d
Ou r objectiv e s ofthis studyar eto as s e ssthe r etre at ofs um m er s n o wlin e a ndr ate of
globalw ar m ing, a ndto u s e r e m ote s e n si ngdatainin v estlgatio n s ofchm ate cha nge.
M o u ntainin月.u e n c es o n clim ate a ndr elated e n vir o n m e ntal fe atur e s are a re s ult of
fou r ba sic fa cto r s･･ altitude
,
c ontine ntality' latitude a nd topogr aphy, e a ch of which
afe cts s e v eralimpo rta nt m ete o rologi c al v ariable s･ T he s e a rev ryI mpo rta nt tO de eply
studye n vir o n m e ntba ckgr o u ndofthe s ele ctedr egi o nin e stim ating globalw ar m lng･ ･
Today, glacie rs a nd ic e c aps, particularlythe Him alaya n, Europe a n, Latin -A m eric a n,
Antar ctic and A 免･ic a n ar ew ell studied･ Ho w e v er
,
Mongolia n Altai, K ba ngal a nd
馳 enteiMo u ntain Ra nge s stayeda w ayfr o m s cie ntific eye s･
Ther e a res o m eimporta nt m ethodsto study globalclim ate orglobal w ar m l ng l n
high m o u ntain s:the m athe m atic alm odelingofthether m alr egl m e O n a nd n e arthe e arth
s u rfa c e
,
m ete o r olgic al m onitoring ofthe s ele cted regio n(pa rtic ularly, s n o wlin e),
bo reholeloggl ng Ofgeothe -ic s andr e m ote s e n sl ngdata･
Ac c ording to my studie sthe clim ate and s n owlin e ar e m o re sensitiv ein high
m o u ntain s of high latitude s･ In allthe s e m ethods m et o r ol gi c al data are v ery u sefu lto
dete rmin ethelo ngter m clim ate cha ngein diffe re nt spatiote mpo r als c ope s･ Short ter m
m ete o r ol glC ale xtr em e cha nge s c a n n otimpa ct o n :
@ The altitude of s u mm er s n owlin elimited by the O
O
c is other m of
helioge othe 皿 O Sphe re,
◎ Tbe depth ofthe gr o u nd where the a mplitude or air te mper atu r eis
elimin ated during its di 軌sing into the de epe rlayer of shallo w
litho spbe r e.
Fo rinsta n ce,in o rde rto studyde eplythe clim ate syste m w e m u stbegin withthes e v e ry
stablefa ctors.
Ba s ed o nthe above c o nsider atio n s
,
w e cho o s ethe gla cier of Otgo nte ngerPeak
which islo c ated in 監ha ngaj Mo u ntain Ra nge, We ster nM o ngolia. T hr o ugh studying
dyna mic alcha nge s ofs n o wlin e u nde rthe s uppo rt of m ode m r e m ote s e n sl ngte chniqu e
a nd GIS, w eu ndersta ndthe regl O n
'
s e n vir o n m e ntba ckgro u nd, a ndglobalw a- lng･
Pr oblem s enc o u nte r ed:
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Mete or olglC al statio n sdo n ot co v e rthe s ele ctedr egl O n S, 皿 dthe dista n ce
betw e e nthe m re acheshu ndr eds of kilo meters.
Bo rebolete mpe r atur eloggl ngl S n otC a rried o ut allo v erter rito ry Mongolia.
fligh-r e s olutio n r e m ote s e n sl ng
'
dataislimited
Fo rthis re a s o n
,
a m o ng abo v e m ethods w e u s e m o st m e也 odsinthis s山dy:the
m odelinga ndre m ote senslng.
3. 甘ke lぬe o r e七ic a且bas e
M athe m a音ic al Mode且畳喝 Of A irTe mpe r attl r e汲egim e
Both short a nd lo ngterm clim ate change sin a spe ct ofther m al regi m e are de s c ribed
by m athe m atic al m odels･(Be rger, A･ , 1977a, 1977b,1997;U la anba atar, T. , 1992, 1994,
1998)
The c o n s equ e n c e of s olarirr adia n c e o nthe e arth s u rfa c eis the s ubs urfa c e air
te mpe r atu r e r egl m e･ In otherw ords,in s ulatio nis equl V ale nt to airte mper atu r ee x c ept of
their v e rtic al distributio n s･ So m ediffer e nc e sbetw e e nthe in s ulatio n a ndte mpe r atu r e
ar e :
⑳ Tbe te mpe r atur egradie nt de c re as es with alt血de, but in s ulatio n is
ln V erS e.
The airte mpe ratu r egr adie nt as?whole equ alsO･005
-0･0 06[degre e m
-l
]in pla netary-
s c ale･ Inhigh altitudethis v alu e l S V ery Stable, e vide n c e of whichis sho w nbystability
ofs no wlin efわr alo ngtim e, s o-c alled pe m a n e nt s now . Forthis r e a s on, sho rt te m
clim ate cb弧geha s nogreate飴ct o ngla cialto ngu ebody
'
s advanc ea ndr e c e s sio n
,
but
ha s a nimpa ct o nic e-s n o w co v e r age rate･ Lo ngte n clim ate cha nge has a slgnはc a nt
influ e n c e o nglobaladv a n c e a ndr e c ession.
gr adA - 0･005
- 0･006degr e eC m
‾1
⑳ For c alc ulatio n of air te mpe r atu r eregl m e W edo n ot u s ethe s olar
co n sta nt.
So
,
w e n e eda nother etalo n ofte mpe r atu re which m u stbe v ery stable a nd m ea s u r ed on
the e arth s u rfa c e･ Itisthe airte mper atu r e whe rethe s olar r aysfallperpe ndic ularly o n
theEarth de sc ribed byUla a nba atar, T. ,(1994).
A｡ = ＋3 0
0c (1)
Usingabo ve c o n sider atio n sin o rderto e xplain a nda n alyz ethe global cha ngethe n o o n
s u n airte mpe r atu r e r egi m e O n a ndn e arthe e arth s u rfa c eis w ritte n a s:
A芸= Aoco s(E ･(0･98･ n)＋q,)- H ･gr ad A- A芸(α(sno w)) (2)
Wher eA芸(α(sn o w))isthe airte mpe r atur einnue n cingby albedo ofthe s n o w
c ov er, e de n ote sthe angle betw e e nthe e cliptic plane a nd equator･ its lo ng-ter m
v ariatio nbyBe rger, A･ , 1977a, 1977b,1997)
g = E
*
←∑Ai ･ C O S(fi ･t＋8i) (3)
Res Ⅶ1ts ar e sho w nin Figu re1 a nd Figu r e2･ The0degr ee C is othe - s aro u ndtheglobe
builda the r m al sphe re a shelioge othe rm o sphe r e, its shape dete r min e sthe clim ate
flu ctu ation s o-c alled World Clim ateSuper circulation .
In this pape r w e atte mptto de s c ribe the sn o wlin e cha nge sin high m o u ntain
u sl ng S atellite data be c aus elo ng-te - cha nge s of s n o wlin e s a nd gla cier sin W e st
M o ngolia a reindu c edby globalw ar m lng･
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Figtlr e2･ Airte mperatu re regim ein altitude-latitude cr os s se ctio n
alo ngthe104
0degre e ofm eridianin Northe rnHe misphere
T helo ngte rm v a riatio n s of Figur e1, 2 m aybedr a w nin n e xtFigu re3:
a b 亡:
Is o払e m s ofH威 喝e O払e m o spher e
Figu r e3･ Thehelioge other m ospher ea ndcha nges ofits shapedu ring
a W orld Clim ateSuperCir culatio n
a - gla cialstage,b- pres e ntsitu atio n, c- interglacialstage
The nu ctu atio n sof 0 degr e eCelsiu sis other mof helioge other m ospher e atJuly a nd
Augu stde丘n ethe s n o wline a ndgla cialto nqu ebody･
The ele v atio n of s u m m er s n o wlin e or0 degr e e Celsiu s is other m of
heliogeother m o sphereinJulyis4200m at the s e ale v el(Equation 2), by which w e c an
c alc ulatethe retr e atofs n o wlin eduetoglobal w a m l ng･
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Data a 私d S 紬虎ya r e a
Rene ctive cha n n els1(yellow -r ed(620･ - 670･O n m))a nd2(N IR(84 1.0 - 87 6.0 n m))
ofthe Moder ate Re s olutio nlm agingSpe ctr oradio m et r(MOD IS/TER R A)satellite data
o n19 Ja n u ary2004, W G S 84syste m･ Thisdata w a spr o c e s s ed atle v el lb(H DFfわr mat
data)bythe E O S Data Gate w ay, La nd Pr o c essDistributed Activ eAr chiv eCe nte r(LP
D A A C)of N A S A･ The spatialre s olutio n ofthe M O D ISin stm m e nt v aries withspe ctral
ba nd
,
a nd ra nge sfro m 250m to 1 km at n adir. The study ar e ais m o st ar e a ofthe
Mo ngolia nterritory, within 40
o
-53
o
N and 9 0
o
-117
o
E･
Figtlr e4･ For est-M o u ntain s n o wper c entage m apin M o ngolia･
The-arr o w
-
sho w sthe Otgo nte ngerPe ak･
Fo rdetailed int叩 r etatio n, w e s el ctbigb十re SOlutio n m ap.(Figu r e5)
Figtlr e5･ TheOtgo nte ngerPe ak
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Figu re6 and Figtl re7sho wthe cro ss s e ctio n s alo ngthe A a nd Bprofiles
Tablel･ The c alculatio n r esults 蜘 迦 ､
Ye ar Ele v atio nof Du r atio n(yr) Retr e at of An n ual
s n o wlin e(m) sn o wlin e(m) av e r age
r etre at(m/yr)
1970 3284.6
1982 3415.4 12 13 1.0 10.9
1989 3507.7 7 92.3 13.2
2003 3680.7 14 173.0 12.3 6
Av er age 12.15
TheTable1 indic atesthat theye a rly m e a n r et atequ als12.15.
Table 2. The c alculatio n r esults alo ngBprofile
Ye ar Elevatio n of Du r atio n(yr) Retre at of Annu al
sno wlin e(m) sno wlin e(m) av e r age
r etr e at(m/yr)
1970 3292.3
1982 3423.I 12 130.8 10.9
1989 3538.5 7 115.4 16.48
2003 3 692.3 14 153.8 10.98
Av er age 12.78
The re s ultsin Table1a nd 2ar ethe s a m e･ Fr o mtw otable s
,
the a n n u alav er age r etreatis
12.46m/yr.
Sin c e1970
,
thete mpe r atu r eha s ris e nby1･98 degre eC c a u sl ng gla cie rs a nd s n o wlin eto
m eltr apidly.
123
T he s n o w cov erha sde c re a s ed by30%in ar e abetw e e n1970a nd 2003a nd diminished
by m o retha n50% behve en 1970a nd19 89, a nd･todaylS O nly40% ofwbatit w a sin
1 970.
As a re s ult ofr e c e ntglobal.w ar m lng, Per m a nさhtsnow ofOtgo nte nger m ay dis ap pe ar
c o mpleteiyby2034.
4. C⑳m c且Ⅶs量o 血
Ou r study c o n{1rm S
R that s n o wlin e indic ate s the 0 degre e C is other m of
helioge othe r m o spher e･ Co n s equ e ntly,.g
lobal w a rm 1ngPtlShe sthe Centr al Asiaintothe
de s e rtific atio n･ TheinQre a早上e.Ofte mpe r atur eis appr o xim ately2degre eC.
5. Dis cl且SSion
This study ofr etr e at ofs n o wlin e w o uldbethe pr e c u rs or of o ur 蝕rther s cie ntific
co oper atio n･ So,I ha ve atte mptedto sho wthe challe nge ofo u rfurther c o ope r atio ns. T he
c ons equ e n ce s ofglobal w a rm 1 ng O nthe s o cial, e c o n o mic life of Mo ngolia are v ery
critic al･ The r e ar e m a ny u n studied a nd u n s olv ed fields a nd targets, for e x a mple,
de s e rtific atio n
,
defo r e statio n
,
dr o ught, no od a nds n owsto rm ･ Fordetailed in v estigatio n s
orthe global w a - l ng, gloもal cha nge a nd e n vir o n m e ntal ba ckgr o u nd, w e n e ed bigb
re s olutio n s atelliteim age s.
Ackn owiedge m ents
The a uthor s ar egr atefu ltoDr･ R･ Ts olm o n, Pr eside nt ofMo ngolia nGe o scie n c e a nd
Re m ote Se n sl ngSo ciety fo rpr o vidingdata, te chnic al as sita n c e, v aluable dis c u s sio n s
a ndgre atinsight.
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1.瓦mtr odⅦcせio n
T he Synthetic Apertu r eRadar(S A R)inte rfe r o m etryte chniqu eis apr omising m ethod
fo rland use cla s sific ation
,
fo r est type dis crimin atio n, v egetatio nde n sity a ss e ss m e nt,
D E Mge n e r atio n, defbm atio n m appl ng a nden vir o n m e ntalcha ngedete ctio n s山die s.
Theidentified fo r est a nd gr a s sla nd gr o ups on cla ssified optic al Rem ote Se n slng
im age s w er e cla ssified a nd m apped in te r m s of for est age gr o up ar e as･ A ditio n al
info r m atio n&o m E R S A R datain corpo r ated intothe classifiedim age s se rv ed a s a
m ain c o mpo n entfordis c rimin atio nbetw e en fo r e st type s, dete rmin atio n ofv egetatio n
de n sitya ndcha nge sin v egetatio nbo u ndarie s.
2･ Res e a r ch ba ckgr o u nd
Expe rie n c eof G A M M A Re m oteSe n slng gro upha s sho wnthatS A R interfer o m etry
c o uld be u s ed s u ces sfu lly n m a ny applic atio n sfo rla nd u s e cla ssific atio n, for esttype
dis crimin atio n a nd dete r min atio n of v egetatio n de n sity･ Cla sificatio n･､ m ethods c a n
distinguishbetw e e ndiffe r e nt type sofs u rfa c e s a ndtheir char a cteristics c a nbe a ss e s sed
fro min -situ obs er v atio n s ofinte rfer o m etric correlatio n a ndthele v el in ba ck s c atte ring
inte n sity･ Cohe r e n ceinfo r m atio n丘o m E R S im age? obtain ed fro m S A R interfer o m etry
pr o c e s si ng c o uldbe u s ed a s ad dito n al inputin optlC al RSim age cla ssific atio n. In this
w ay, r eliability ofla nd c ove r(for est a ndgr
.
a s sla nd)cla ssi{1C ation m ay beimpr o v ed,
a mbiguityr edu c ed, a nd in cr e a sed c o nfide n celnthe re s ultspr o vided･
In ou rc as e
,
im age 且1Sio n of E R S S A R-2 with optlC alLa nds atT M data e nha n c ed
fe ature s n ot visible in a ny slngle data alo n e a nd pr o vided addito n althe m atic a nd
te xttlralinfbm atio n.
O btain ed re s ults w ere v erified a nd c ompar ed with othe rinfo rm atio nin order to
dete min ea nde xplain e n vir on m e ntalchange s･
3･ Re s e a r ch m ethodology
1･ Dis crimin atio n of fわr e st type a nd vegetatio nde n sltyba s ed o n vis u al interpretatio n
ofr adarim age s.
2･ Clas si丘c atio n ofoptic al La nds atT M dataintofわr e standgra s sla nd.
31 Im age fusio n ofinte rpretedradarim age s a nd clas sifiedoptical data.
T helife style a nde c o n o mic ala ctivitie s ar e widelylo c ated inthefore stedar e a s, a nd
therefo r e M o ngolia n for e st ar e s e v er ely affected by the o n-gol ng Pr o c ess Of
degr adatio n･ C ha nge sin fo re st a ndgr a ssla nd e cosyste m s affe cted bydegr adatio n a nd
hu m a n a ctivitie s c an be sho wn by simplified for e st gro ups･ Tr aditio n ally l n OPtlC al
Re m oteSe n sing, V egetatio nhe althis m o nitor edbythe a m o unt ofrenecta n c einthe n e a r
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in&ar ed pa rt ofthe spe ctru m(No r m aliz ed Vegetatio nlnde x - N D V I)･ T he hybrid
algo rithm of m ulti-spe ctral,-m ulti-s o u rce a nd m ulti-s e as o n al cla s sific atio n s of Re mote
Se n s ing i mage sha s a str o ng abilityto pr odu c e c o mpr ehe n siv e a nd r eliable fo r e st a nd
gr a ssla nd infor matio n.
In o u r c as e
,
activ efusio n ofm ulti-s o u r c e a nd m ulti-spe ctral data required･
･
1･ Spatialco - Feg3
'
siraiion,in orde rto co mpa re m ulti- s ou r ceim age sat theplX elle v el.
2･ Scle c&io n of cia ssljicatio23 m eihodoloBy･ For E RS S A R data, a c o nte xtu al
cla s sific atio n appr o a ch ha sbee nfo u nd u s eful in dete rmin lngfo r est v olu me clas s e s
in Siberia nbor e alfわr e st
,
in Rus sia, which is similartofわr e stsinthe Mo ngolia nte st
site･ Satisfa cto ry a ndstatistic ally signific a nt a c c u r a cyl n m ulti-s ou r c e cla ssiflC atio n
of La nds atim age s c o uld be a chie v ed whente xtu r e a nd a n cilarydata areintr odu c ed.
3･ Dealing with unc e ytaino,･ Diffe r e ntkinds ofu n c ertaintyha v etobe c o n sider ed a nd
tr e ated･ Fo r e x ample, qu e stio n sof data qu ality &o m diffe r e nts eps ors a nd iss u e of
v egetatio n c o m m unitie s
'
bo u ndaries, wbicbar e zone s ofgr adu alt血 sitio n- e c oto n es,
c a nbete rm eda s"s o氏M orfuz zybo u ndarie s a ndha ndleda c c o rdingly･
4.
5.
Is sue of m ulti- s c ale a n a[ysis･ Infbr m atio n fusio n o ndifer e nt spatial r es olutio n
ofte n aim s at eitherdisplayi ngthe fus ed m ulti-s c ale data o ru singthe m as I nput tO
further a n alysIS･ The m ain aim is to m e rge high- r es olutio npan chr o m aticim age
(E RS S A R) with a lo w-r e s olutio n m ulti-spe ctral im age for better vis ual
interpr etatio n･ T his v eryhighr e s olutio na nd im age e nha nc e m e nt willenha n c etarget
r eqognitio n.
Acc w a cy a s s e s sm e ntofthederived fo r e st a ndgras sla nd inform atio n.
4. Re s ults
4･1 SttldyAr e a.
Tbefわr e sts ofthe Uv sLake Ba sin
,
in w e ste m M o ngolia, belo ngto the Altai a nd
Saya n m o u ntain system s a nd c o v e rthe whole r a nge ofthe e n vir o n me nt･ Theyr epr es ent
a mix of fo re sted ar e a s
, m o u ntaintu ndr a, steppe s a ndde s ertr eglOnS･
Tbe Altai-Saya n e co-r egl O n C O ntain sthe w orld
,
s la rge st u nbroken stretche s of
Siberia nPin efo rest･ Thepl n efor e st inthe we ste rnpart ofthe Altair egi o nis ofu n lqu e
e c ological impo rtan c e･ Thehe alth ofthela rge stSibe ria n riv e rbasin s ofOba nd Ye nis ei
depe nds o nfutu r epre s e rv atio n ofe c ological proce s s e sin this regi o n, be c a u s etw o
e xtr e m e upper w ater sheds arelo c ated he r e･ The study ar e a u nde r consideratio nis
lo c atedinthefわr ests of Harhira M o u ntain
.
4･2 Clas siTIC atio npr o c e ss
M o ngolia nfo r e st c a nbe cla ssifl ed a c c o rdingto age add corre spo ndingla nds cape
gr o ups withinhigh m o u ntain m e ado w-steppe s;taigafo r e st; m o u ntaintaigafor e st;actu al
fo r e sted ar e a(m atu r efo re st);for e st-steppe s(ar e a s withlo wfo r e stde n sity)a ndsteppe swithope nforest(ar e as withlo
.
w
l
distributedfo r e star e a s withlo wfo r e st4e nsityinside).
N D VIw a sc alc ulated a nd vis ualinterpr etatio ndo n efo r s el ctio n oftr ainl ng Clas s e sfro m La nds at im ag甲 a nd
■
their v eriflC atio n with topogr aphic a nd the m atiq m apinfo r m atio n･ Ar e as with for e sted r eglO n S W e r e S epar ated into s epar ate laye rs afte r
s upervis ed cla s sific atio nby m a xim u mlikeliho od clas sirl er･ Clas sifled im age s ofdiffe r e nt革e a SO n S, S u ch a sOctober, Augu st a ndJu n e, w er ec o mpa r ed at thepi x el le v el.
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The over alla cc u r a cy ofcla s sirled im ages w a s c alc ulatedby dividingthe nu mber of
pl X els c o rre
■
ctly cla s sified bythe total n umbe r ofpix elsin cluded in the e v alu atio n
PrO C e S S･ Fo re sted are a s w er e c ategoriz edin te rm s of de n s e, middle a nd llo w-de nsity
are a s･.The s epar atio nbetw e印 StePPe-for e st a nd ar e as withv erylo wfo restde n slty･has
be endo n ebas ed o nvis u alinterpr etatio nofr adarim age s.
In o u r c a s e
,
it w a s n otpo sibletope rfo rm S A R inte rfe r o m etfydu etothe abs e n ce of
spe cial im agepr o c e ssi ng m Odule･ In o rderto s
･
1gmifl C a ntlyimpr oveVis u al interpr etatio n
of radarim age s, diffe r e nt filtering w a s applied･ Enha n c e m e nt of r adar
.
im age s
slgnifl Cantly c o ntri butedto the interpr etatiわn pro c e ss and the 占ele ctio n oftraini ng
l
cla ss e sinthe opticali血 ge(Fig.2).
Ho w e ver
,
s epar atio nbetw e e nsteppe-fo re st a nd ar e a s with v e rylo wfor e stde n slty
w e r epos sibleinthe c as e s ofc o nife r o usfo r est･ This w a sbe c a u s ed cidu ou sfor e st･shad
alre ady shed off in the Octoberim ages･ A lso, fo re sts ar em o stlylo c ated o n northe r n
slopes;tho s eo n s o uthe m slope s ar e v e ry ra r edu eto the c o nte nts or m oistu r e a nds olar
r adiatio n･ The pr obability offわr estsgr o w ing ln Ope nSpa c e a re as, Such a s steppe s, is
als o v e rylo w, du etothe spe cific Clim atic c onditio n s ofthis ar e a･ Ste epfor e sted slope s
w er e v ery difflC ult toidentifyo n r ad rim age sdu eto-im age pr o c e ssing, in cluding
s atelliteim age for e shorte ning, 1ayo v er, a nd shado w effe cts･ In o rder toimpr o v ethe
inte rpr etatio npr o c es s ofr ada rim age s, ar e a swithlo w m o u ntain s w e r esele cted a ndhigh
m o untain r egio n s w e ren gle cted(Fig.1)∴
Fig. 1 Ex chlded a re a s Fig.2 Ar e awith ide ntiTled
fo r8Sted a r e as(with topogぬp?ic
m ap aid)
A La nds atim age fro m the Octobe r se a?o nhad alm o st n o. clo ud c o v er age, but a n
e xte n siv espr e ad ofgla cie rs athigh m o u ntain reg1 0 n･
Fig･ 3 Fo r e stgr o ups o nLands atim age
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『ig･ 4 Fu s eds ubs etofradarim age &
La nds atdata
Tr a n sitio n alz o n e sbetw e e n steppe-fo r e st and ope n-for est w e r e alm o stimpo ssibleto
distinguish in La nds atim ages due to their
"
s o氏” or fuzzy bo undaries. Therefbre,
gr adualtr an sitio n z o nes w er eide ntified by o v erlaying of digtiz ed fo r estc o ntou rsfro m
topogr aphic m aps. How e v er,theis s u e orpo sitio n ala c c u r a cy a nd e v e n a c c eptable R M S
e rr or of le s sthe n3 0m(Ipix el)du ring ge o- refe r e n cing, le ads u sto a s su m ethat s uch
a re a s c o uld beide nt泊ed a s are as withn ofわr est or ope n areas with low fわrestde n sity,
which is alm o stide ntic alL Ov erlaylngfo r estc o nto urs &o mtopogr aphic m aps o nto r adar
im age s sho w ed ar e a s withlo wfo r e stde n sity, which c a nbe furthe r cla s sified a s ope n
ar e as with n ofor e st. T he applicatio n ofprin cipalc o mpo n e nt a n alysis(P C A)allo w edu s
todete min e10v egetatio n cla ss es,includingfわr e sts of higband mid leden sities.
W e ap pliedr adarim ageinterpr etation to the ar e a e x cludinghigh m o u ntain s. High
m o u ntain regio n s C O V e red by gla cie rs w er e cla s sifled as ar e as withn oinfo r m atio n.
5. Co n cltlSio n
Vis u al inte叩r etatio n or r adarim age s c o uldsigni丘c a山1y I mpr o v e Cla ssi丘c atio n
pr o c e s s e s ofoptic alinfo r m atio n･ Ho w e v er, this as s u mptio nis v erytru ein steppe a nd,
low land are as, not affe cted by fわr e shorte ning, 1ayov er a nd shado w effe cts ofthe
s atelliteim agl ngSyste m. Ho w e v e r, p evio u slyitw asimpo s sibletodetermin ethepha s e
a nd･gain altitudeinfo r m atio nin the Uv sLakefor e sted r egio n(R. Kar s n er, 2000). But
this re s e ar ch c o n sider ed altitudeinfo r m atio nfo rtheim agepr o c e s slng i the study ar e a.
Be c a use the Uvs L ake Ba sin a nd Harhir a Mo untain r eglO n W a sin cludedinto S P A,
clo sing S u chgaps with oldtopogr aphicinfor m ation 丘o m the 1 940s a nd1960s can be
do n edu eto the r e m ote n e ss ofthis r eg1 0 n, the rarity offor e stfir e s a nd itslack of
pastor al1la ndu s e a ctivitie s.
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鼠濫F L 取C T O M 鼠T E R S
D. Enkhbata nd S. Da mdin s u r e n
Departm entofBiophysic s, Fa c ultyof Biology' Natio n al Univ ersityof Mo ngolia
Em ail: sda md insu r e n@yahoq･c o m, da mdin s u r e n@n u m.edu. m n
T he rene ctio n a nds c attering oflight, Au or e s c e n c e a ndlumin e s c e n c e ofchlo r ophyll
is widelyu s eda s a n o ndestr u ctiv e, re m ote andquick m6thod inpla ntr e s e ar ch(1). The
objectiv e ofthis articleistointr odu c e simple r enecto m et rs a ndtheir applic atio n.
We a ss e mbled a､ simple appa ratu sfわr m e as u re me nts or light inte nsity at 19
w a v el ngths ofr ene cted light･ T he apparatu s c o n sist ofa ninte rfe re n c efilter whe el
,
photo m ultiplie r a nd itspow e r s up plie r(v oltage c on v e rter), photo c u rre nt a mplifie r a nd
a n a n al?gde vic eto r e ad lightinte n sity(Fig･ I). Thepboto m ultiplieris s e n sitiv einthe
r a ngeLOf w a v el ngth fro m38 0-83 0n m with a m a xim u m ar ou ndthe yello w ra nge of
spe ctral Therefor e,the spe ctr a ofr ene cted lightlo okslikeithas a m axim u m r en ctio n
inthis region of岳pe ctra(Fig. 2).
Fig･ 1･ Refle ction spectr o m et rforreglStr atio n ofrene cted lightinte n sityat19
w a v el ngths･ Theinte n sityofrene cted lightispr opo rtio n altothe o utputr e adingof
a n alogde vic e.
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Fig･ 2･ Spe ctr a ofrenected lightfro mBogd Mo untain,in cludingpebbles s oil,yo u ng
gr a ss,lar ch,bu rn edfleld,fieldwithyello w ste m, otherla rch, a nd w eta nd drys oil,
m e a s u r ed wi也 ar e鮎ctio n spe ctr o m et r(Fig. 1).
Spe ctr a of light r ene ctio n fro m differ ent objects ar e sho w nin the Fig 2. The
inte n sity ofr e鮎ctedlightin c r e as e sto a m a xim um withthein cr e a s ein w a v elengths
鮎 m blu eto yello w-r ed(625 n m) regio n ofthe spe ctr a, 弧 d the n m o n oto nic ally
de cr e a s e sinthe c a s e ofs oila ndyello w ste mfields･ Theinte n sityofr efle cted light丘om
gr e e npla nts sho w s a minim u min the red regl O n Ofspe ctr a, whereit w a s abs o rbed by
chlo r ophyll, a nd 也e n 触 herin cr e as e sinthe near-r ed r eg1 0 n Ofspe ctr al Ther efわr e, the
r atio oftheinte n sity ofr enectedlightin the ne ar ed(720-83 0n m)andr ed(65 0-683
n m)region orthe spe ctr a sho uldchar a cteriz egr e e npla nts(Table 1). Itisinter e stingto
n ote that the r atio ofr efle ctedlight(R 720 収683)&o m blu e a nd clo udy skies, gr e e n
paper a nd othergr e en m aterials w a sle s tha n1･0･ The r ene ction spe ctro m eterdete cts
the whole r e鮎ctio n
,
including pla nts a nds oil.
Tablel･ The r atio ofrefle ctedlightintensities(R 720 収683)ingr e e npla ntsis
gre atertha nthatinthe s oila nd othe r objects.
O bjects Bogd Gr a s s Lar ch Larch Bu m ed Yello w W et Dry
Mo u ntain A B fl eld ste m s oil s oil
R 720
R 683
2 3 1.7 3 0 0.5 0.5 0.8
The r efo r e
,
w e c o n structedapo rtabler ene cto m et rfo rquick m e a s u r e m ents ofthe
r atio- R 720収650(Fig. 3 le氏). The rene cto m eter als odete ctsthe whole r ene cti｡ n.
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Fig･ 3･ A portable r ene cto m eterfTorquick m e as u re m e nts ofthe r atioR 72 0/R 650(1e卑)
a ndadigitalc a m er a with inte rfer enc efilte rsfo rtakingrefle ctio n
im age atdiffe r e nt w a v el ngths(right).
The r efle cto m et r u s ed fo r e stim ation ofthe r atio R 720/R 650
,
which is equ alto
O･9土0･2 for n o n-pla nt m ate rials s u ch ass oil, pape r, a clo udy sky, a cle ar sky, a ndthe
m o o n･ The r atio
,
m eas ur ed alo ngthefielde xpedit o n r o utein 1990, w a s asfollo w l ng:
The dry w eight ofgr as s ar o u nd Bagaha ngal W a s3･6tim e sin c re a s edper m onth･ If
w ekn o wthe relatio n shipbetw een the r atio a nd dry w eight ofthe gra s s, the n w e c a n
e stim atethe a m o u nt ofgra ss a ndthe rate ofgr as sgrowth. T herefore, w e m e a suredthe
r atio R 720収65 0 in depe nde n c e on thedry w eightorgr a s s(Fig. 4), a nd alin e ar r elatio n
betw e en the m w as e stablished･ Ac c o rdingto this r elatio n, the gr a ssgro wthrate was
equalto4.5g/(m2 day)ar oundtheBagaba ngaistatio n.
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Fig･ 4･ T he r elatio nbetw e e nthe ratio R72 0収65 0a ndthedry w eightofgra s s･
Thedigitalc am era withinte rfer e n c efilte rs(Fig. 3right)wa s u s ed fo rtakingthe
r ene ctio nim age舟o rnpteridophytale a v e s(Fig5).
Fig･ 5･ The r ene ctio nim age ordigitalphotographofle a v e staken withinterfer e n c e
別te rs
,
whichtr a n smitslightofw a v el ngth(fro mthe right tothele氏)
461,5 15, 651,686, and m or etba n720n m.
The m a xim um rene ctio nfr o mthe gr e e npla nts re a chedthe near -in&ar ed(740-820
n m)regio n of spe ctra(3)･ Na山 rally, the cha nge of spe ctral v alu es c a n n ot be s e e n
vis u ally･ T her efo re, w e cho o s e agla ssfilte r co mbin atio n, which tr ans mits light of
w avele ngths m oretha n720n fnin ste ad ofa820n minterfer en c ef1te r･ The c olo rim age
w a s c o n v erted into agr ayim agein orderto obtainthe ratio ofim age s(Table2), s u ch as
R72 0 侃686, R 720収651, R5 15 収461, a ndR515収431.
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Fig･ 6･ Av er ageim ageintensityofrene cted light丘om pte ridophytalea v e s at the
differ e nt w a v el ngth. T hele a v esL 2a nd L4a reyo u ngertha nthedthe rle a v e s.
Light with w a v el ngth of 515a nd 720r efle cted 丘om thele a v e sw asle sstha nthe
lightofotherw avelengths･ Thelight with w a v elhgth of 431a nd 686 n m w as m ainly
abs o rbedin the chlo r ophyll- a, a ndthat with w a v el ngth of 461a nd 651n min the
chlor ophy111b･ Thelight&iththe w avele ngth of686n m w a s str o ngly abs orbed inthe
chlorophyll- a a nd it w a sdifflC ult to re adthe inten slty Ofthe im age o utput･ W e c a n
c alc ulate m a ny diffe r e nt r atio sbetw e e ntheinte n sity ofr ene cted a nd absorbedlight,
s o me of wbichar e sho w nin Table2･ Usingthis m ethod, w e c a n s e etheim age ofr atio s
directly, which w edo n otsbo vhe re.
Table2:The r atio ofihl a eS Ofpteridophytale a v e s.
Ratio L l L 2 L3 L4 L 5
R 720/651 8.2 3.8 5.8 5.4 4.7
R 515/4 61 3.4 4
.3 4.5 4.4 4.5
R 515/431 4.2 5.4 5.7 5.2 5.3
Av er age 5.2 4.5 5.3 5.0 4.8
SD 2.6 0.8 0.7 0.5 0.4
Ther eis n o slgnifl C a ntdiffe re n c eb tw ee nthele a v e sinte r m s ofthe s e r atio s. But the
r atio sR 720/65 1a nd R7 20/686w e r e1.6
,
a nd R 515/431and R 515/461 3.2inthe c a se of
n o n-pla nt m ate rial(gr e e n wal), a ndthe r atio sin Table2c o rr e spo nd o nlytole a v es. The
ratio fro mle a ve s w as2tim esgreatertha nthatinthe n o n-pla nt m ate rial, whichsho w s
that withthe s e r atio s w e c a nestim atethe a m o u nt ofdry w eightofpla nts･
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W e co n str u cted chlo r ophyll lu min es cen c e a nd nu o r esce nc eim age systems with a
m o r占e xpe n sive a nd verys e n sitiv edigitalc a ⅢTera with 2･m ulti
- chan nelplate s(2)I W ith
this syste mit w as e asyto a cquir ethe r eBe ctl O n･im age of le a v e s a nd w e a cquir edthe
rene ctio nim age s of whe atpla nts at w avelengths of 822, 73 0and 660n m(Fig. 7 a nd
Fig. 8).
Fig･ 7･ Im age ofwhe atpla nts, a cquir ed &o mthetopside ofthepot, which w as
ro w nind ,s oilwith 13% w ate r c o nte nt:
Ac uir edat
■
也e w a vele n 也 of 820n m Ac uired at the w a v el ntbof 700n m
Ac 〕ir edat the w a v el nthof 660n m Theim a e of 也e ratio lO*R 82 0/R 700
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Fig｡ S. Im age ofwhe atpla nts, a cquired 舟o mthetopside of thepot, whichw as
gr o w nin w ets oilwith 18 %w ater c o nte nt:
Acquired at the w a v el ngthof820n m Acquir ed at the w a v el ngth of700n m
Acquir ed at the w a v el ngthof 660n m Theim age ofthe ratiolO
*R 820/R 700
Table3. Relativ elightrene ction(R 820/R7 00a nd R 820/R 660)fro mle a v e s ofwhe at
pla ntsgr ownin w et(18% ofw ate r c o nte nt)皿 d dry(13 %ofw ate r)s oil
(n -30 fo rle ave s a nd 8 fo r s oil).
Whe atat w ets oil Whe atatdrys oil Wet(18 %)soil Dry(13 %)soil
820/700 820/660 820/700 820/660 820/700 820/660 820/7 0 820/660
4.6±2.0 2.6±0.7 4`5±0.9 2.9±0.9 1.7±0.1 0.7±0.I 2.9±0.2 0.6±0.1
Table3 show sthat the r e w a s n o signifc a nt cha nge betw e e nthe ratio sinthele ave s of
whe atgr ow ninthe wet a nd drys oilin n o r m al ir･ The e xperim e nts with lumin e s c e n c e
im age s sho w edthat thephotosynthe sis anddry m atterpr odu ctio ninthe whe atpla nts,
gr o w ninthe w ets oil,in cr e as ed inthe c as e ofhigh C O2(700ppm)in air, butn otinthe
n om alair(2).
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且. 丑氾食r o姐岨Cせ畳om
Fr o mthe viewpoi nt Of m a cr o-e conomic al policies, the lo ng-te r m objectiv eto
improvelivingsta ndards c a n n otbe attain ed witho ut the achie v e ment ofthe sho rt-te r m
obje ctiv e ofprovidingfo r s u stain able e c o n omic gr o wth. Su stain able e c o n o mic growth
c o ntribute spo sitiv elyto:
@ s atisfa ctio n ofin cre aslnge c onomic ands o cialn e eds, a nd
⑳ provisio n ofin v e stm ents o u r c e stopr oduce n e w w e alth.
T he ba sis of s u stain able de velopm ent w as laid do w nby the
”De clar atio n o nthe
En vir o n m e nt and Developm e nt,
”
a docu m e nt c o n siting or27chapters, iss u edbythe
1992Rio DeJa n eir oSymposiu m. Thethre e c o r n e rsto n e s ofs u stain able de v elopm e nt
a re :
1･ So cialpr o c edur e s(equ ality, s ocialr elation s, s o cial changes, pa rticipatio n, a nd
2
3
c ultu r alide ntity),
Ec o noTicgrowth(growth, retu rn, a ndstability),
Pr ote ction Ofthe e n vir o n m e nt(be altby e nvir o n m e nt, r atio n al u s e ofre n e w able
n atur alre s o u r c e s
,
a ndpr ote ctio n ofdepletiv e n atu r alr es o u r c e s)
T he r eis apr e ssi ng e ed fo r o u r c o untry, having a wideterrito ry a ndⅥiitha slgnific a nt
pa rt ofthepopulation ru n nl g a nim al hu sba ndrydispers ed o v erthete rrito ry, to defin e
a nd imple m e ntits objectiv e sofs u stain able de v elopm e nt o nthe basis ofc o ope r atio n
am o ngits pr o vin c es･ Studie s ofthe pe c uliaritie s ofe ve ry pr o vin c e ar e neded fわrthe
definitio n of s u stain able de v elopm e nt objectiv e sin harm o ny with the.natu r e a nd
e c ologlCale nvir o n m ent.
T he applic ation of Re m oteSe n singtO S OCio- e c o n o mic a n alys e sis a nimporta nta ss et
to M o ngolia n sustain able de v elopm e nt a nd its e c o syte ms. Re mote se n si ng Offers a n
effi cie nt andr eliable m e a n s ofc olle ctingtheinfTo r m atio nrequir edto c o ndu ct re s e ar ch
aboutlinkings o cio econo mic a nden vir o n m e ntal databa s e s.
Re mote s e n si ng m ethodsha v ethefollo w i ng adv a ntage s:
1. Sa vingtim efo r c arrylng O utStudie s;
2
. Po s sibilty ofgathering a n e n o r m o us am o u nt of inform atio nin e xpe n siv ely a nd
3.
4
.
5.
a n alyzingit;
D isplayingdata c olle cted o v erm a ny ye ar s a nd ide ntifyingc o rr elatio ns a m ong
the m;
Co v eringa wi deteritoryat the sam etim e;
Fullpo ssibilityto c a rry o ut alla spe cts ofn atu r ala nde cologlC alstudie s.
2. O bjectiv e s
ltis r egarded a spo ssibleto developthe anim al hu sba ndry a nd agrlC ultu r als e cto rs as
the key s e cto rs ofthe e c o n o my dete mining the s u stain ability of dev elopm ent of
Mo ngolia. This c a nbe a c c o mplishedin aratio n ala nd bala n c ed w ay withthe u s e ofthe
r e m ote s e n slng m ethods･ Thefbllowlng goals ar e setfわrthispu rpo s e:
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1･ To studythe vegetatio n change s overthela st4ye a rs, sele cting O n ePr o vin c efr o m
e a ch oftheGobiand E Langalregi o n s a nda n alyzlngthefindings･
2
･ Toide ntifytheinterr elatio nbetw e e nthe change s ofthe e c o n o micindic atorsfro m
statistic al data a ndthe cha ngesinthe v egetatio n c over&o m s atellitedata.
3･ Sc ope of ihe 訂eS 紬 r Ch a nd is s u e s ofs ⅧStain ablede v elopm e m七
3･1 Fo rthis r e s e a rch
,
Ov orkha ngal Pr o vin c e w as s ele cted &o mthe K ha ngal r egio n
andGobi- Altaipro vin c e w a s s ele ctedfro mthe Gobir eglO n.
Tab且el. Co mparis o n ofr eside ntpopulatio n a nd n u mber s ofliv e sto ok
A im ags Populatio n, tho u s a nds of Nu mbe r ofliv e stook,tho u s a nds of
pe r s o n s he ads
1999 2000 201 2002 1999 20001 2002
1 Go vi- Altai 63.7 63.6 64.2 62.7 2113.2 2035.1 1714.7 1010.5
2 Ovorkha ngal 111.4 113.0 114.0 113.9 2956.6 2159.0 1869.1 1665.4
3･2 T heiss u e s ofs u stain able s o cial de v elopm e nt
Fo rthela st10ye ars,theye a rlyIn c re a s e Of Ula a nba atar
'
s population a v e raged 3%,
whilethat ofthe w este rn a ndKha ngal r egi o n s W e reO･2% a nd 1 3%, re spe ctiv ely･ The s e
tre nds ar e attributable to the abn o r m ally dispr opo rtio n ate m o v e of ru r al re sidents to
Ula a nba atar･ Ther efor e
,
the s ettle m ent of de m ographic iss u e si be c o ming a prio rity.
The r eis abigdiffe re n c e ofthe u n e mploym e ntr ate s a m ongther egl O n S･
3･3 Theis s u e s ofs u stain able e co n o micde v elopm e nt
The e c o n o mic gr owth a nd stru ctu r al r efo r m ofthe r egio n al c o m m u nitie s a r eto o
slo w･ Itisimpo rta nt to redu c ethe gap betwee nthe levels ofe c o n o mic a nd s o cial
de v elopm e nt a m o ngthe regi o n s r elying o ntheir r es our c e sforthe a c c ele r atio n ofthe
gr o wth ofn atio n ale c o n omy･
T her eis a n e edto a c c eler atethe e c o n o micgr o w也 ofthe m a cr o e cono mic r egl O n S
a nd
, furthe r, to e stablish a r atio n al e c o n omic str u ctur e adaptabletothe equilibriu m of
the e c o syte m.
3･4 Us e a ndpr ote ctio n ofthe e nvir on m e nt
D is ruptio n ofthe equilibriu m ofthe e co syste min M o ngoliais taking o n a m o r e
r egio n al char acter･ Itis attributable to the o ver- co n c e ntr atio n of hu m a n, a nim al, a nd
indu strialpopulatio ns in s o m e r egl O n S a nd mis m a n agem e nt ofthe e xploitatio n of
n atural r e s o u r c e s
,
stru ctu r e of anim al herds
,
a ndpa stu r e u s e･ In consequ e n c e ofthe
inte nsifl ed e xploitatio n of n atu r al r eso ur c e sin allthe r egl OnS Of Mo ngolia in r e c ent
ye ar s,the
■
e arth s u rfa c e a nds oilar edeterio r ating･ Itis vitaltoimpr o v ethe r atio n alu s e
ofn atu r alr e s o u r c es a nde n vir o n m e ntalpr ote ctio nin allthe r eg10 n S a nd s afegu ardthe
equilibriu m of 也e e c o syte m･
4. Stldy ar e a
The study ar e a, the Gobi- Altaipr o vin c e(Blgu r e1),islo c ated intheァeste rnPa rt OfMo ngolia･ Itlie sbetw e e n42o3 0' - 4 7o N a nd 93o - 99oE ･ Go vi- A ltaipr o v l n C eislo c ated
inthe w e ste rnpart ofthe c o u ntry･ Itbo rder s o nthe s outh- w e st thePe ople
,
s Republic of
C hin a･ Thehighe stpeak a m o ngthe misSutai Mo u ntain, clad in ete m als n o w at4,226
m ete r s abo v e s e ale v el･ Ther e ar e wide s e mi-de s e rts s uch a sSha rga, Du払 u m, Za払u u,
Za m a n
,
Bige r, A lagn u u r, Ts e ng払e r, No minbetw e e nthe s e m o u ntai s.
Tber e ar epopulu sdiv er sifblia, s aksaul,ta m arisk in s o m eGo viar e a a nd hippobopa c,
peplar s, willo w s ar e alongthehu midar e as a nd lar ch, cu rga n apygm aya, sympegm a a nd
1 40
br a mble gr o win m o u ntain e o u sparts･ W ilda血m als in clude wildshe ep, ibe x, de er,
m o u ntain⊥fa u n年S, S n o w-le opard, lyn x, c o rs a, wildc at, w olf, fo x, er min a nd m ar m ot･
Birdsin clude e agle s,falc o n s, c o ndo rs, s n o w- c o cks,bearded vultur e s a nd div er s･ Allof
the s e a nim alsliv ein the Altai Mou ntain s. T her e ar e wildc a m els, wild-ho rs e s, alga,
tataric aM o ngolic a, bla cktailed antilope, a nd go vi-be arsin the s e mi-de s ert･ The m ain
dir e ctio n ofthe aim ag
'
s(pr ovin c e
'
s)e c o n o myis agric ultu re and anim al hu sbandry a nd
itha s2112.5tho u s a nd be ads.
Asfわrtheliv esto cknu mber, this aim agr a nks4thpla c einitsgo at sto ck a nd lstin
the n u mber ofc a m elsinthe c o u ntry. Vegetatio n of Go vi
- AltalPr o vin c e c o mpar e s with
v egatatio n of Uvu rkhatngaiPr o v
.
in c e(flgu r e2)vis u ally･ The N D VIv aluein the Govi
regio nis lo w e rtha n 氾Ia ngal r eglO n. Table 1 de s cribe s c o mpario n of r eside nt
populatio n a nd n u mber ofliv e sto ok in bothr egl O n S･ Figu re s3,4 a ndtable 1sho w sthat
the r ear e differ e n c esin s o cio e c o n o mic gr o wth a nd e n viron m e nt betwe e nthe se
pr o vin c es.
5. Data
The Nor m aliz ed Dife r e n c eVegetatio nlnde x(N D V I)&o mSPOT/V E G E T A TIO N
datafr o m10-day c o mpo sitel ト20 Septe mbe rfわr ye ars1998
-2003wa s c a rried o utfo r
this re s e ar ch. N D V Iis r elatedtothepr opo rtion ofphotosynthetic alyabs orbedradiatio n,
is c alculated fro m gr o u nd r ene cta n c efr o mthe visible a nd n e arinfrar ed cha n n els.a s
N D V I-(R E D-N IR)/(R E D＋N IR)
T be SPOT4/V E G E T A TIO Ns atellite data is dev elopedjointly by Fr a n c e, the
Eu r ope a nCom missio n, Belgiu m, Italy a nd Sw ede n･ The s atellite c o mpo n e nt ofthe
pr ogr a mw asla u n chedin October1997o nbo ard SPOT 4a nd itdeliv er ed m e as u re m e nts
which w er e spe cific alytailor edto m o nitorla nd s u rfacepar am ete rs witha &equ e n cy of
abo ut o n c e aday o n aglobal basis a nd a m ediu m spatialr e s olutio n of､o n ekilo m et r･ It
ha sfわur spe ctralba nds･
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6. 鼠e s 切放s a nd Dis c 耶 S畳o n
LThe objectiv e s of this study areto c o ntribute to policie sthat pr o m ote
e nvir o n m e ntally s u stainable a nd pr ofitable pastoral liv e sto ck hu sba ndry･ This study
indic ate sthat the de v elopm e nt ofs ocial e con o mic gro wth depends o n e n viro n m e ntal
fa cto rss u ch a sla nd c o v e r cha nge a nd v egetation gr o wth Figu r e s3 a nd 4 des c ribe
cha nge sinthe ND VI &o mye a rs1998to 2003 in bothpr o vinc e s･ This study a n alyz ed
tw opa rts ofthe Go vl pro vin ce, n orth a nd s o uth. The N D V I
､
v aluein the n o rth w a s
highertha nin the s o uth. Fr o mfigu re2 it c a nbe s e e nthatliv e sto ck is dr am atic ally
de cre as lng･ T he a n alysts Or land u s e c o ndit o n and cha nge gl V e S u S aCha nc e of
de v elopl ng in for m atio n relatingtothe r egi o n alstru ctur e a nd envir o n m e nti Go vi- Altai
pr o vin c e･ T he c o nditio n ofr egl O n alv egetatio n a nd livesto ck and itspe rspe ctiv e s a ndthe
in乱en c e o n n atu r al e n viro n m e nt c a nbe obtained 丘o mthe a n alysis･ T he refo r e, the
e n vir o n m e nt sho uld be a ctu ally pr e s e rv ed, cons e rv ed, impro v ed a nd re sto r ed･
Further m o re
,
n ot o nlythe environm e nt m u stbeimpr o v ed a ndresto r ed,butals oregi o n al
de v elopm e ntal m e a s u re s sho uldbetake ninthe study ar e a sGobi- A ltaia nd Uv urkha ngal
pr o vin c e sre spectively, c o n sideringtheir e c on o mic a nde n vir o n m e ntalc o nditio n.
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